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INTRODUCTION 


The  work  to  be  discussed  in  this  report  has  resulted  from  the  following: 

a.  The  recent  discovery  that  Autoregressive  Integrated  Moving  Average 
(ARIMA)  models  can  be  applied  in  the  representation  of  the  statistics  of  clock 
behavior,  and  that  this  can  lead  to  a  better  separation  of  purely  random  from 
systematic  clock  noise; 

b.  The  desire  to  replace  cesium  beam  atomic  clocks  with  less  expensive 
devices  in  those  applications  where  frequent  comparisons  with  an  external  ref¬ 
erence  are  possible;  and 

c.  The  recent  availability  of  superior  quartz  crystal  clocks  and  micro¬ 
processors  at  relatively  low  cost. 

The  use  of  ARIMA  routines  for  clock  modelling  had  originally  been  proposed 
by  Barnes  (reference  1).  At  that  time,  it  was  not  believed  to  be  a  practical 
*  model  because  of  the  extraordinary  precision  with  which  the  higher  coefficients 

had  to  be  determined  in  order  to  achieve  acceptable  results.  The  user  of  higher 
order  polynomials  for  extrapolation  purposes  also  has  this  difficulty.  In  both 
i  cases  the  available  data  simply  does  not  allow  determination  of  coefficients. 

This  inability  produces  a  compounded  effect  as  extrapolation  time  goes  beyond 
a  few  days.  In  time,  even  a  third  power  polynomial  as  a  representation  of  a 
frequency  drift  is  useless  in  the  case  of  cesium  clocks  unless  the  drift  is 
based  on  several  months  of  data.  However,  Percival  (reference  2)  has  showed  that 
for  shorter  intervals  which  are  important  in  most  practical  applications  it  is 
not  necessary  to  use  such  complicated  procedures.  The  question  then  arises 
whether  these  newer  predicting  models  will  not  allow  an  extrapolation  of  quartz 
crystal  clocks  for  a  few  days  in  a  simple  and  reliable  manner.  For  a  general 
discussion  of  the  problem  in  separation  of  systematics  from  purely  random  (white) 
clock  noise,  see  reference  3  and  particularly  figure  3  in  reference  4. 

The  second  issue,  the  replacement  of  expensive  clocks,  has  also  been  consid¬ 
ered  previously.  Current  digital  techniques  and,  particularly,  the  availability 
of  inexpensive  microprocessors  now  necessitate  consideration  of  replacing  hard¬ 
ware  phase-lock  loops  with  processor-controlled  phase-steppers.  Once  data  has 
been  obtained  from  an  oscillator  connected  to  an  external  reference,  digital  fil¬ 
tering  offers  a  sophisticated  way  of  extrapolating  beyond  that  data  whenever  the 
external  reference  is  unavailable.  For  a  general  introduction  to  digital  filter¬ 
ing,  see  reference  5. 

The  principal  idea  of  using  ARIMA  models  for  this  purpose  is  explained  on 
p.  380  of  reference  4.  An  ARIMA  model  (p,d,q)  is  a  model  with  p  regression  and  q 
moving  average  coefficients  in  the  representation  of  the  d-th  differences  of 
clock  errors. 

Suppose  we  represent  these  second  differences  in  time  (this  yields  a 
stationary  time  series,  in  contrast  to  the  series  of  frequencies  which  usually 
exhibit  drifts)  by  a  linear  difference  equation  such  as: 

P  P 

z( t)  =  E  0i  ‘  +  L  °j  '  a(t_j)  +  °0  +  a(t) 

i=l  j=l 
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where  the  0's  represent  regression  coefficients  and  the  D's  smoothing  coeffi¬ 
cients.  The  a's  then  represent  the  purely  random  part  of  the  noise,  i.e.,  the 
one-step  advance  prediction  errors.  The  D0  term  (if  it  can  be  determined  with 
sufficient  confidence)  is  the  systematic  drift.  Considering  the  purpose  of 
this  investigation,  i.e.,  a  study  of  the  feasibility  of  using  simple  routines 
in  field  applications,  it  is  noteworthy  that  after  considerable  experimentation 
with  different  choices  of  models  and  parameters  it  has  become  obvious  that  the 
simplest  model,  the  ARIMA  (0,2,1)  with  a  coefficient  of  0.75  as  smoothing  param¬ 
eter  is  best  for  the  purpose  desired.  The  criteria  used  was  that  of  a  least 
square  solution.  In  no  case  has  a  drift  coefficient  been  included.  The  above 
equation  therefore  reduces  to: 

z(t)  =  -0.75  •  a(t-l)  +  a(t) 

where  the  z(t)  are  the  second  differences  of  oscillator  phase. 

Another  general  comment  should  be  made.  For  several  years,  it  has  been  a 
common  complaint  that  system  designers  could  not  relate  to  the  stability 
measure  which  is  most  commonly  used,  the  two-sample  (Allan)  variance.  Indeed, 
as  pointed  out  in  reference  2,  the  use  of  this  measure  is  not  without  problems. 
While  the  two-sample  variance  (and  its  square  root,  which  corresponds  to  a 
standard  deviation)  is  very  simple  to  obtain,  it  is  not  completely  insensitive 
to  the  presence  of  noise  concentrated  in  narrow  (Fourier)  spectral  regions; 
i.e.,  it  is  a  measure  which  depends  on  the  presence  of  a  power  low-noise  spec¬ 
trum.  In  contrast,  the  prediction  errors  obtained  in  this  report  are  by  them¬ 
selves  a  measure  of  clock  performance  which  is  completely  independent  of  any 
theory.  It  depends  only  on  the  choice  of  the  prediction  model.  In  this  way, 
we  obtain  a  measure  which  gives  the  designer  exactly  what  is  needed  in  any 
practical  application. 


DISCUSSION  OF  MEASUREMENTS 

Table  1  lists  the  devices  for  which  measurements  were  made  using  the  data 
acquisition  system  (DAS)  of  the  U.S.  Naval  Observatory  (USNO)  which  was  de¬ 
scribed  by  Pu*kovich  (reference  6).  [Specifications  for  the  URQ10  and  the 
Disciplined  Time  Frequency  Oscillator  (DTFO)  are  given  in  Appendix  A.  Specifi¬ 
cations  for  the  other  devices  are  available  in  the  manufacturers'  manuals.]  In 
this  system,  a  matrix  of  clock  starts  against  clock  stops  is  measured  with  a 
time  interval  counter  (HP5360  Computing  Counter)  with  a  resolution  of  lOOps. 

The  measurements  are  performed  every  hour  and  form  the  basis  for  all  time 
scale  computations.  The  main  advantage  of  this  system  is  that  the  measurements, 
since  they  are  time  interval  measurements,  are  strictly  linear  and  are  not 
plagued  by  nonlinearities  of  phase  meters,  etc.  However,  if  5MHz  signals  are 
used  directly  and  the  zero  cross-overs  are  adopted  as  time  markers,  cycle  ambi¬ 
guities,  of  200ns  may  exist.  This  is  of  no  concern  in  the  case  of  atomic  clocks, 
but  crystal  clocks  exhibit  large  frequency  (rate)  differences  and  the  cycle  ad¬ 
justments  cannot  always  be  made  unambiguously.  As  a  consequence,  only  the  1 
pps  measurements  a’e  considered  completely  authoritative  for  the  crystal  clocks. 
This  problem  is  peculiar  to  the  data  collection  method  and  not  at  all  represen¬ 
tative  of  a  real-life  situation  where  code  generators  would  be  driven  from  the 
oscillators.  After  adjustment  for  cycle  slips  and  other  discontinuities,  the 
value  of  0000  UT  has  been  used  in  the  various  solutions. 
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In  some  cases,  there  have  been  periods  when  it  became  obvious  that  the 
clock  under  test  had  suffered  a  disturbance  (such  as  breakdown  of  laboratory 
temperature  control).  Such  obviously  disturbed  periods  for  any  clock  have 
been  excluded  from  analysis  since  the  extrapolation  of  precise  time  measure¬ 
ments  would  not  be  representative  of  the  capability  of  that  clock.  Figures  1 
through  15  present  UTC  (USNO,  MC)  minus  UTC  (device). 

The  prediction  errors  have  all  been  computed  as  the  root  mean  square  (rms) 
difference  between  a  specific  model  prediction  and  the  actual  clock  error  as 
measured  after  the  fact.  These  values,  as  well  as  the  number  of  samples  upon 
which  they  were  based,  are  presented  in  tables  2  through  19.  For  these  purposes, 
it  is  clear  that  the  confidence  in  the  prediction  errors  so  determined  will 
increase  the  longer  the  total  data  run. 

Figures  16  and  17  are  plots  of  the  rms  error  versus  prediction  lead  time  for 
the  shortest  and  longest  calibration  interval  as  determined  by  the  ARIMA  model 
for  the  URQ10  crystal  oscillator  and  the  HP236  rubidium.  These  are  graphic  repre¬ 
sentations  of  the  data  contained  in  tables-^  and$.  As  anticipated,  discontinu¬ 
ities  are  introduced  when  the  number  of  sample  intervals  change.  An  extreme  case 
is  seen  for  URQ10  for  the  calibration  interval  of  56  days;  between  days  25  and  26 
the  number  of  sample  intervals  changes  from  7  to  8. 

In  general,  one  can  see  from  the  tables  that  prediction  errors  decrease  as 
the  calibration  interval  increases.  However,  in  all  cases  one  can  observe  that 
there  is  a  definite  limit  beyond  which  the  prediction  errors  do  not  improve 
with  longer  calibration  intervals.  At  this  point,  it  would  be  necessary  to 
change  models.  In  the  case  of  cesiums,  at  least,  reference  2  gives  several 
examples  of  (1,2,1)  and  (0,2,2)  models  which  give  very  small  prediction  errors 
for  64  days.  In  the  context  of  this  investigation,  however,  direct  comparability 
is  judged  the  most  important  goal  and  the  most  interesting  lead  times  for  prac¬ 
tical  applications  will  be  short  ones. 

The  quality  of  the  clock  considered  is  directly  given  by  its  predictabil¬ 
ity.  However,  the  manner  in  which  the  prediction  errors  decrease  both  with  an 
increase  in  calibration  interval  and  with  an  increase  in  lead  times  is  much  in¬ 
fluenced  by  the  model  chosen.  Overall,  the  simple  (0,2,1)  ARIMA  model  does  best. 
But  the  difference  with  a  linear  extrapolation  is  not  great.  The  higher  power 
polynomials  are  all  very  poor  except  for  Osci 1 loquartz  #51  where  we  have  strong 
indication  that  a  third  power  model  is  best  for  long-lead  times. 

An  example  of  the  simplest  possible  oscillator  included  in  the  project 
is  a  watch  crystal  ($10  per  unit),  identified  as  Quartzmatic  #1  (table  19). 

The  factor  of  over  1000  by  which  this  oscillator  performs  worse  than  any  of 
the  others  is  partially  explained  by  the  fact  that  there  is  no  temperature 
control  or  compensation.  This  example  is  also  interesting  for  the  degree  to 
which  the  higher  power  extrapolations  degenerate  for  short  calibration  inter¬ 
vals.  The  signal -to-noise  ratio  is  too  poor  to  allow  any  but  the  simplest 
predictions  for  such  short  calibrations. 

CONCLUSIONS 

From  the  data  presented,  it  is  concluded  that  very  simple  prediction 
methods  will  suffice  in  maintaining  a  timing  system  during  interruptions  of 
the  linkage  with  a  timing  reference.  Clocks  comparable  in  quality  with  the 


Osci 1 loquartz  units  or  the  DTFO  allow  accuracies  of  about  1  microsecond  over  a 
day  to  a  few  tens  of  microseconds  over  more  than  30  days  free-running  after 
calibration  intervals  as  short  as  1  or  2  weeks.  The  importance  of  providing 
an  excellent  operational  environment  for  such  "flywheel"  oscillators  must  be  >• 

stressed.  This  means,  among  other  things,  the  avoidance  of  physical  frequency 
adjustments,  i.e. ,  the  control  must  be  exercised  with  an  external  phase  stepper 
or  in  the  form  of  corrections  which  the  local  control  processor  has  to  apply 
arithmetically  to  all  measurements. 
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Table  1.  DEVICES  EVALUATED 


EVALUATION  INTERVAL 
(Modified  Julian  Day  Numbers) 

I.  QUARTZ  CRYSTALS 


1. 

OSCILLOQUARTZ  51 

1  pps 

44353  - 

44490 

2. 

OSCILLOQUARTZ  52 

1  pps 

44352  - 

44496 

3. 

URQ  10 

1  pps 

44236  - 

44359 

4. 

DISCIPLINED  TIME 
FREQUENCY  OSC. 

1  pps 

43900  - 

44280 

5. 

AUSTRON  1220-9714 

5  MHz 

44160  - 

44420 

II.  RUBIDIUMS 


1. 

EFRATOM  FRT 

1  pps 

43903 

-  44114 

2. 

HEWLETT-PACKARD 

236 

5  MHz 

44050 

-  44350 

3. 

HEWLETT-PACKARD 

229 

5  MHz 

44120 

-  44350 

III.  CESIUMS 


HEWLETT-PACKARD 

(HP) 

1. 

HP/5060 

207 

5  MHz 

44120  - 

44330 

2. 

HP/5061 

1114 

5  MHz 

44236  - 

44420 

3. 

HP/5061 /21 

875 

5  MHz 

44236  - 

44391 

4. 

HP/5061 

549 

5  MHz 

44120  - 

44330 

5. 

HP/5061/21 

1264 

5  MHz 

44120  - 

44350 

B.  FREQUENCY  TIME  SYSTEM  (FTS) 

1.  FTS/4050  107 

2.  FTS/4050  108 

C.  OSCILLOQUARTZ  CO.  (OSQ) 

OSQ  68 


IV.  HYDROGEN  MASER  102 


V.  QUARTZMATIC  #13 


MHz 

44297  - 

44429 

MHz 

44305  - 

44429 

MHz 

44120  - 

44350 

MHz 

43970  - 

44028 

pps 

43730  - 

44040 

1High  performance  option. 

20ue  to  lack  of  data,  calibration  intervals  greater  than  28  days  were  not 
computed. 


3As  this  device  is  for  comparison  purposes  only,  the  first  order  solution  was 
not  computed. 


BOTE  -1 1 66S0. 62  HS/Dflt  Sl)8TflflCTE0 


ISNO,  MC)  Minus  UTC  (Oscilloquartz  Crystal  Frequency  Oscillator  51) 


NS/QflT  SUS1RRCTE0 


UTC  (Oscilloquartz  Crystal  Frequency  Oscillator  52) 


392109.00  NS/DAT  SUBTRACTED 


tal  Frequency  Oscillator  10) 


(A-Jstron  Crystal  Frequency  Oscillator  9714) 


(Hewlett-Packard  Rubidium  Frequency  Oscillator  236) 


ns/ort  subtracted 


11 


(Hewlett-Packard  Rubidium  Frequency  Oscillator  229) 


(Hewlett-Packard  Cesium  Frequency  Oscillator  207) 


N5/0AT  SUB TRAC 


(Hewlett-Packard  Cesium  Frequency  Oscillator  1114) 


gure  9.  UTC  (USNO,  MC)  Minus  UTC  (Hewlett-Packard  Cesium  Frequency  Oscillator  875) 


(Hewlett-Packard  Cesium  Frequency  Oscillator  549) 
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Figure  11.  UTC  (USNO,  MC)  Minus  UTC  (Hewlett-Packard  Cesium  Frequency  Oscillator  1264) 


(Frequency  Time  System  Frequency  Oscillator  107) 


2. 82  NS/OflT  SUBTRACTED 
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(Frequency  Time  System  Frequency  Oscillator  108) 


Figure  14.  UTC  (USNO,  MC)  Minus  UTC  (Osci i loquartz  Cesium  Frequency 


NS/ORT  SUBTRACTED 


C  (Hydrogen  Maser  10) 
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R  is  prediction  j  '.rips 

FOR 

OCCILLCjUA-'TZ  CRYSTAL  FaE-JoNCY  OSCILLATOR  J51 

0  pps) 

RGDIFIEG  JLtlii,  day:  4  ,353  -  44470 


CALtC 

•  AT  IDA.  I- 

.•TER7AL 

..AcIO 

RATIO.)  I.- 

.  T  E  R  V  a  l 

r**3“CICTI  ?\ 

ll^j  rt  -6 

:>  x 

1ST 

DEGREE 

7  JAYS 

2-o 

0  c  (j  A  L  S 

3RD 

DEGREE 

4T-1 

DEGREE 

A  <  I  "  A 

1ST 

DEGREE 

14  JAYS 
27. 0 

DESK  EE 

3RD 

DEGREE 

,  r  h 

DEGREE 

A 

DAY 

i  •  5 

12.  J 

2.2 

2.3 

3.4 

1.4 

,2.0 

1.9 

3.0 

2.3 

z 

CAYS 

3  •  > 

22.4 

4.0 

0.2 

12.4 

2.2 

59.0 

3.3 

5.7 

5.4 

e 

j 

DAYS 

l<;«o 

a  ’ «  7 

13.  a 

32.o 

116.6 

5.3 

121.3 

6.0 

17.5 

2  3.4 

10 

0  -»  t  J 

£7,7 

173.2 

35.0 

151.3 

9  i  7 .6 

12.4 

268.8 

13.0 

56.C 

15  ).7 

13 

CAYS 

54*  •* 

33  a  •  3 

o'). 2 

417.7 

3570.8 

23.5 

467.1 

24.3 

130.2 

511.3 

2c 

DAYS 

il.2 

351. 0 

113.1 

397.7 

9712.0 

36.8 

718.1 

39.3 

253.5 

12o4. a 

23 

0-YS 

123.3 

JlY.l 

172.7 

1640.9 

21734.0 

54.2 

1022.1 

58.2 

432.4 

2  j  34 . 7 

30 

DAYS 

1140.1 

253.4 

2333.4 

44454.5 

74.4 

1377.5 

SO. 5 

676.0 

4330.5 

CAUI3 

RATION  INTERVAL 

CALI3R 

aTICN  INTERVAL 

?R  EC  IC  T I  l!.\ 
LSAO  TINE 

ar  :>  a 

1ST 

CHOREE 

21  DAYS 
2  .0 
DEGREE 

3RD 

DEGREE 

4TH 

DEGREE 

ARIMA 

1ST 

DEGREE 

28  DAYS 
2ND 

DEGREE 

3RD 

DEGREE 

4Th 

DECREE 

1 

DAY 

1.1 

So. 7 

2.0 

2.4 

2.4 

1.1 

152.6 

2.5 

2.6 

2.5 

2 

CAYS 

2 . 1 

1 1  3.0 

2.  T 

3.3 

5.2 

2.2 

183.9 

3.3 

3.9 

4.3 

c 

D..YS 

3 . , 

195.2 

5.3 

3.0 

19.8 

5.4 

291.8 

5.0 

6.4 

12.8 

10 

JAYS 

11.2 

379.1 

9.5 

20.9 

79.7 

16.0 

514.7 

13.8 

15.3 

43.5 

15 

DAYS 

20.8 

013.9 

17.6 

45.3 

223.0 

26.3 

789.1 

23.3 

32.0 

104.3 

20 

CAYS 

33.5 

903.5 

23.2 

87.4 

499.4 

39.6 

1116.7 

34.5 

55.7 

213.3 

,5 

JAYS 

5  a  .0 

1247.2 

4\.  .  3 

153.3 

1019.7 

32.5 

1495.0 

46.0 

91.9 

383.9 

30 

CAYS 

6  7.0 

164,. 1 

57.1 

241.2 

1825.7 

71. 4 

1929.4 

60.4 

142.4 

a53.l 

CALIBRATION  INTERVAL 

calibration  interval 

a  P.  S  C 

leu 

!CTICN 

TI-E 

AR  I  v  a 

1ST 

DEG  <EE 

42  DAYS 
2.0 

DEGREE 

3R0 

OEGREE 

4TH 

OEGREE 

ARIMA 

1ST 

OEGREE 

56  DAYS 
2ND 

DEGREE 

3RD 

OEGREE 

4TH 

Dc  GR E  c 

1 

DAY 

1.2 

331.7 

4.  9 

2.6 

1.7 

C.6 

571.7 

4.8 

2.0 

2.9 

2 

JAYS 

1.3 

37  1.5 

6.0 

3.5 

2.6 

1.3 

631.5 

6.1 

2.6 

3.4 

5 

CAYS 

2.3 

530.0 

7.4 

6.3 

6  •  0 

3.3 

323.3 

9.6 

4.2 

7.1 

1C 

DAYS 

7.0 

324.3 

13.7 

16.8 

19.0 

6.7 

1134.9 

14.9 

5.1 

21.2 

15 

C-.YS 

13. a 

116  ). 3 

13.3 

31.1 

•♦5 .4 

13.2 

1598.2 

21.7 

11.6 

,2.3 

20 

0AY3 

21.2 

1  56  7. 0 

24.7 

50.1 

38.3 

20.5 

2064.3 

29.3 

20.4 

76.4 

,5 

O'  YS 

33.5 

2y 17.7 

32.9 

78.0 

161.4 

29.6 

2534.7 

41.8 

21.7 

132.0 

30 

DAYS 

42.7 

2520.2 

41.4 

l  12.3 

260.7 

46.6 

3156.9 

64.6 

16.4 

236.1 

NOTE 

:  TnE 

SNS  PREDICTION 

ERRORS  ARE  IN  JN.ITS  OF  MICROSECONDS 

• 

■\UM_ 

ER  OF  SAMPL 

E  INTERVALS 

PREDICTION 

AL  I GR  aT  1C, 

INTERVAL 

LEaC  TINE 

7 

l. 

21 

23 

42 

50 

uAY  1 

7  0 

36 

24 

la 

12 

3 

2 

7  j 

30 

24 

la 

12 

3 

5 

76 

30 

24 

la 

12 

3 

IS 

75 

34 

24 

la 

12 

7 

13 

72 

33 

22 

15 

12 

7 

20 

0  7 

31 

21 

la 

12 

7 

25 

0  7 

30 

18 

1  3 

l. 

a 

3 

6  0 

3G 

17 

IV 

11 

, 

L 
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TA3L£  3 


a«S  PREDICTION  ERRORS 
F  :r 

dsgilldcuart:  crystal  frc  jje  icy  cs:ill<tj?.  ;52 

0  pps) 

'-joiFte:  julia,-.  cay:  *.4352  -  44476 


Cal  16 

RATION  I 

.tc-rval 

CAL l 24 A T ION  INTERVAL 

AA  ;OICT  Iu.\ 

1ST 

7  GaYS 
2  iO 

3RD 

.Td 

1ST 

1 4  CAYS 
2ND 

3R0 

.JY 

LEAD 

T I VE 

As,r-  a 

OcG<\£e 

OLGA.es 

DEGREE 

DEGREE 

A  1 1  A 

DEGREE 

DEGREE 

OE.REE 

O'.GFfE 

1 

CAY 

v>  •  7 

A.  1 

1.5 

t.7 

1.6 

C.8 

13.2 

2  .0 

2.3 

2.7 

> 

C-YS 

2.3 

7.3 

2.3 

4.3 

6.6 

1.2 

ia.6 

3.1 

4.7 

6.7 

5 

Cays 

T.7 

23.0 

0.2 

23.2 

64.5 

5.7 

38.6 

fc.l 

17.3 

32.7 

IC 

LAY. 

22.  j 

35.3 

2o.4 

106.3 

521.3 

13.5 

35.7 

17.8 

37.7 

107.7 

.5 

GAYS 

a:. 2 

103.7 

4-.. a 

2  2  V  .  7 

2Q43.3 

2  T.7 

132.3 

36.3 

138. C 

5 1 Z  •  I 

JO 

CAYS 

7  i  •  5 

174.2 

e  3. 3 

o  2  a  •  3 

5573.7 

40.3 

234.2 

55.4 

273.7 

U5  Zmi 

25 

*■»  u  p 

T  v 

10b. 3 

253.2 

12  o.4 

1135.3 

12473.3 

bO.T 

333.1 

Ul.7 

466.8 

25oo«a 

3C 

CAYS 

Hi.5 

360. 3 

181.3 

1373.2 

24424.2 

33.7 

45C.2 

Ul.O 

731.8 

4o73.l 

CAL  IS 

RATIC.N  INTERVAL 

C AL12R AT ICN  INTERVAL 

f'R  SO  I CTI  CL 
LE AC  T IMF 

AA  t  A 

1ST 

DLGRcC 

21  DAYS 
2nO 

DEGREE 

3 1C 

OcGRSE 

4tH 

DEGREE 

ARI*A 

1ST 

DEGREE 

28  DAYS 
2ND 

DEGREE 

3RD 

DEGREE 

4Th 

DEGREE 

1 

D.Y 

J.  > 

23.7 

2.2 

2.0 

2.3 

0.8 

43.3 

3.0 

2.5 

2.2 

2 

CAYS 

1.7 

36.7 

2.7 

3.3 

6.0 

1.5 

58.1 

4.1 

3.6 

3.3 

S 

CAYS 

5.5 

64.2 

6.7 

3.7 

23.0 

5.2 

72.3 

7.7 

9.3 

11.7 

10 

CAYS 

13.3 

121.6 

13.2 

21.0 

as. 7 

11. o 

La2.4 

15. E 

22.8 

40.1 

15 

CAYS 

27.1 

174.0 

24.7 

46.7 

234.7 

1 6 . 6 

243.1 
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39.5 

33.3 

20 

G«.Y‘. 

34.7 

2S3.2 

40.6 

97.1 

509.1 

24.1 

350. T 

41  .0 
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194.7 

45 

CAYS 

52.1 

377.4 

5  >.3 

150.2 

760.4 

36.7 

4o7 .7 

bO.Q 

1  12.3 

343.2 

SC 

cay; 

74.7 

523.2 

33.3 

23  7.3 

1675.4 

SI. 6 

609.2 

81.4 

166.4 

570.3 

CALIBRATION  interval 

CALI3RATI0.N  INTERVAL 

42  CAYS 

56  OAYS 

PR.C 

ICTICf, 

1ST 

2ND 

3RD 

4TH 

1ST 

2ND 

3RD 

4TH 

LEAD 

T  I  :*e 

A  A  IMA 

DEGREE 

OcGRSE 

OEGREc 

DEGREE 

ARIMA 

DEGREE 

DEGREE 

3EGREE 

DEGREE 

l 

OAY 

J.7 

105.6 

5.  3 

2.6 

2.T 

0.6 

181. C 

7.0 

4.6 

1 .  d 

2 

Cay; 

l  .o 

123.7 

7.1 

3.9 

4.1 

l.l 

20C.6 

8.2 

5.7 

3.1 

5 

cays 

5.7 

170.5 

11.4 

13.7 

12.1 

4.9 

241.6 

12.3 

10.7 

7.0 

1C 

Day; 

7.2 

261.5 

11.2 

21.3 

23.1 

13.5 

379.3 

17.3 

23.4 

27.4 

15 

day; 

15.5 

375.3 

30.0 

41.3 

59.4 

11.0 

509.3 

25.7 

4o  .  7 

2  4.0 

20 

DAYS 

23.4 

503.1 

41.3 

71.5 

107.3 

14.7 

657  .6 

3 1  *  C 

76.7 

45.4 

25 

DAYS 

31.2 

64  J.  7 

53.1 

U1.3 

133.1 

17.7 

826.8 

36.9 

116.6 

72.3 

>0 

cays 

37.7 

304.7 

6  i.S 

163.2 

236.5 

25.3 

1013.0 

<*6.4 

164.4 

133.7 

•'OTE:  Tt<6  R  <$  PREDICTION  cRRORS  ARE  14  UNITS  OF  MICROSECONDS. 


n'jn3ER  of  Sample  intervals 
’rlcictic,;.  ;al  i  dr  at  ion  interval 


AO  TINS 

7 

14 

21 

23 

42 

56 

Y  1 

83 

40 

24 

20 

12 

a 

2 

dO 

40 

24 

20 

12 

8 

5 

90 

4  0 

24 

20 

12 

3 

1 1 

7  7 

3  7 

27 

l  7 

U 

a 

15 

75 

37 

27 

IJ 

11 

7 

23 

4  > 

3  b 

23 

1  J 

11 

7 

25 

67 

35 

23 

17 

11 

7 

33 
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35 

22 

17 
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7 
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jr.J  CRYSTAL  EREDuC  iCY  OSCILLATOR  4lO 
''•DOIeIEj  JULIAN  Cay:  *.-,£30  -  4435? 


Cali3rati.3i.  : 

.TERVAL 

CAL  I J 

R A  7 1 C.»  INTERVAL 

PR  c  C 
lead 

rc  Tin-. 

T I  ME 

Aft  I  MA 
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decree 

7  DAYS 
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3RD 
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DECREE 

1 4  Cays 
2ND 
DECREE 
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OECR  cE 
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l 
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6 

13 

9 

9 

13 

3 

47 

24 

13 

19 

2 
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16 

23 

10 

23 

47 
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66 

35 

25 

49 

5 
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58 

6. 
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48 
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70 
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IC 
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15  5 
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IS 
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3o  Z 
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473 
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25 
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69  6 
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30 
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28  DAYS 
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1ST 

2  40 
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4  th 
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3RD 
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DECREE 

DECREE 
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ARIMA 

DECREE 

DECREE 

DECREE 
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1  DAY 

6 

72 

22 

19 

19 

9 
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45 

23 

23 

2  CayS 

17 

71 

36 

35 

33 

21 

134 

63 

43 

.5 

5  DAYS 

64 
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94 
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72 
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99 
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1C  DAYS 

lo6 
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177 
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15  DAYS 

2  36 

4  78 
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173  7 
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430 
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25  CAYS 

5  12 
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l  16  1 
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92  0 
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calibration  interval 

CALIBRATION  interval 

42  DAYS 

56  DAYS 
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1ST 
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1 
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39 

11 
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3 
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46 
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23 
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127 

91 

59 

5 

OAYS 

35 
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72 
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171 
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OAYS 
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625 
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EC 
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330 
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25 

CAYS 
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in 
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2333 
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NOTE:  TME  R'*S  P<EJICTICN  ERRORS  are  in  units  of  microseconds. 
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10.6 
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7.5 
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27.6 
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55.0 
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4304.9 
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91.9 
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25 

Day  S 
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8  70.0 

1C 

3.4  YS 
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237.4 
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3RD 
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5.5 

5.3 

2.3 

34.7 

10.9 

7.7 

2 

CAYS 

5.3 

23.4 

ID. 9 

9.2 

10.8 

4.3 

41.0 

14.4 

12.4 

C 
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13.3 

39.2 
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25.0 

42.5 

14.6 

61.8 

26.6 

31.1 

10 

CAYS 

42  •  4 

67.6 

56. a 

74.5 

175.2 

39.5 

97.8 

60.0 

90.4 

15 

CAYS 

79.1 

105.-. 

4  7.4 

162.6 

474.1 

71.8 

135.9 

98.5 

138.5 

20 

Cays 

126.1 

150.2 

153.1 

307.0 

1056.5 

103.5 

131.6 

142.9 

326.0 

^  s 

'JAY  S 

170.3 

2  00  .  D 

213.3 

505. 3 

2035.2 

151.6 

237.8 

196.5 

513.8 

so 

Days 

230.1 

253.7 

235.7 

773.2 

3566.1 

201.4 

298.3 

258.3 

758.7 

PREDICTION 
LEaD  tine 

aR  IMA 

CALIBRATION  interval 
42  DAYS 

1ST  2 VO  3RD 

DEGREE  DEGREE  OEGREE 

4TH 

OEGREE 

ARI.VA 

CALIBRATION  INTERVAL 
56  DAYS 

1ST  2ND  3RD 

OEGREE  DEGREE  DEGREE 

i 

D.Y 

2.5 

47.3 

11.3 

13.5 

10.8 

2.2 

74.0 

25.2 

20.7 

z 

DAYS 

3.1 

56.0 

1 4  •  4 

13.5 

17.2 

4.6 

31.3 

29.9 

27.6 

5 

DAYS 

i>.  1 

7o.2 

23.4 

36.5 

44.6 

10.8 

104.0 

45.4 

47.8 

♦  n 

G.Y  S 

33.1 

110.6 

41.3 

73.4 

133.3 

27.4 

146.4 

74.3 

68.5 

15 

OATS 

5<.3 

152.6 

66.3 

131.4 

291.5 

43.0 

197.4 

105  .8 

145.4 

>  •“ 

Days 

72. D 

203.7 

97.2 

21D.2 

556.7 

a5.9 

253.5 

143.0 

224.4 

ic 

DAYS 

127.1 

254.1 

130.6 

306.2 

946.3 

37.9 

315.9 

132.6 

326.  7 

SO 

Days 

le  3  •  0 

323.5 

170.0 

433.5 

1523.7 

114.1 

335.5 

226.4 

451.2 

NOTE:  T.-IE  RNS  PREOICTIC .  ERRORS  ARE  IM  JNITS  DF  MICROSECONDS. 


NUMBER  DF  SAMPLE  INTERVALS 


p=:c:cncfi 

L E  AG  TINE 

7 

14 

calibration 

21 

INTERVAL 

23 

42 

56 

DAY  1 

213 

103 

72 

52 

36 

24 

2 

215 

103 

72 

52 

3o 

2-r 

3 

215 

103 

72 

52 

36 

24 

1 1 

213 

10  7 

72 

52 

3o 

24 

i: 

211 

104 

72 

52 

33 

23 

21 

210 

102 

67 

52 

35 

22 

25 

20  7 

102 

.3? 

51 

33 

22 

3  J 

202 

.u  2 

36 

51 

34 

22 

4TH 

DECREE 
4.  } 
12.3 

s5 .4 
545.  3 

1565.1 

2567.1 
5225.7 
7532.. 


4  T  ri 

OECREE 

7.6 

14.1 

46.1 
152.6 
•403.7 
327.3 

1512.7 
252  7.4 


4TH 

DEGREE 

14.6 

20.2 

37.6 

57.6 

176.3 

322.3 
517.1 

792.4 


24 


TABLE  6 


RYS  PREDICTION  ERRORS 
F  3R. 

AUSTRJN  CRVSTal.  FRdvJE.CY  OSCILLATOR  /3CEL  1220  .'19714 
MODIFIED  J'JLlAM  u  AY  :  4-.IS3  -  44430 


C-.LIB 

RATION  I 

vTcP/AL 

CAlI 

3k  A  T  IC‘* 

INTERVAL 

7  J<*  Y  S 

14  0*Y 

s 

.•’PEC 

ICTICM 

1ST 

2'-G 

35  0 

.74 

1ST 

2ND 

3RD 

4TM 

L  EaC 

T  I'-'c 

-RI>  A 

DECREE 

DEGREE 

CEG..EE 

jL  gree 

A.il  YA 

DECREE 

DEGREE 

DECREE 

0  a  jREE 

1 

DAY 

2 

6 

3 

3 

4 

3 

10 

7 

4 

4 

2 

OnYS 

6 

4 

7 

4 

lo 

6 

14 

11 

i 

1  1 

r 

DA  Y  S 

22 

21 

25 

51 

140 

19 

23 

27 

32 

60 

10 

CAYS 

So 

42 

75 

247 

1053 

47 

53 

60 

115 

31o 

15 

CAYS 

U7 

70 

151 

677 

3  57  4 

39 

84 

1C  3 

271 

955 

2C 

DAY  j 

2  ,*3 

101 

256 

1447 

1Goo3 

142 

114 

lo3 

530 

2236 

25 

CAYS 

3  SO 

136 

3  12 

2537 

23293 

209 

147 

245 

905 

4223 

3C 

DAYS 

4?’? 

175 

5  ■*  7 

4291 

45301 

293 

137 

339 

1  4  1  1 

7615 

CAL  i 

oration  interval 

Calibration 

interval 

PR  ECiCTIU*. 

lead  time 

A  R  IMA 

1ST 

DEGREE 

21  DAYS 
2ND 

OECREE 

3RD 

DECREE 

4TH 

DECREE 

A  R  I Y  A 

1ST 

DEGREE 

29  0 A Y 
2740 

DEGREE 

S 

3RD 

DECREE 

4  Trf 

DECREE 

l 

OaY 

3 

13 

9 

7 

7 

3 

33 

12 

1J 

8 

2 

DAYS 

7 

23 

14 

13 

15 

6 

40 

17 

16 

16 

5 

CAYS 

20 

33 

29 

33 

61 

20 

62 

34 

40 

53 

1C 

Cay: 

53 

69 

56 

23 

25D 

49 

98 

74 

109 

130 

15 

0~YS 

97 

IDl 

117 

136 

369 

92 

139 

12  9 

215 

442 

2C 

DAYS 

161 

141 

135 

342 

1475 

142 

177 

191 

365 

923 

35 

C-YS 

242 

134 

276 

569 

2795 

203 

217 

267 

574 

1699 

3C 

CAYS 

333 

223 

336 

854 

4375 

272 

267 

354 

337 

2  230  - 

CALIBRATION  interval 

CALIBRATION  interval 

42  DAYS 

56  DAYS 

PREDICT  ION 

1ST 

2ND 

3P.0 

4TH 

1ST 

2ND 

3RD 

4TH 

LEAD 

TIME 

Ak  IN  a 

DECREE 

DECREE 

Decree 

DECREE 

ARIMA 

DECREE 

DEGREE 

OECREE 

OECREE 

4 

Day 

2 

49 

24 

ii 

9 

3 

87 

40 

29 

17 

2 

OaYS 

5 

56 

29 

15 

15 

5 

95 

47 

38 

24 

5 

Day  C 

19 

79 

50 

33 

43 

15 

117 

69 

71 

58 

1C 

Cays 

S4 

120 

91 

37 

132 

.41 

159 

119 

145 

l  4  l 

15 

D  A  Y  j 

17 

165 

1 3o 

169 

291 

76 

202 

176 

255 

2C8 

20 

DAYS 

1  45 

213 

136 

232 

548 

113 

245 

236 

40  3 

529 

25 

DAYS 

179 

254 

240 

433 

925 

171 

294 

320 

603 

906 

30 

DAYS 

239 

327 

3  30 

624 

1443 

223 

348 

392 

320 

1415 

•GTE :  tHfc  MS  PREOICncr.  ERkC  <  S  ARE  IN  UNITS  OF  MICROSECONDS. 


n^uer  of  sample  intervals 


’TcCICTlON 

CALI3RATICN 

INTERVAL 

LEAD  TINE 

7 

1  4 

21 

23 

42 

56 

DAY  1 

14J 

72 

48 

3  > 

24 

16 

■> 

143 

72 

48 

35 

24 

16 

5 

143 

72 

4  8 

36 

24 

15 

13 

146 

72 

4  3 

36 

23 

16 

15 

144 

72 

43 

35 

23 

15 

23 

141 

71 

47 

3  5 

2  2 

15 

2  5 

134 

6  1 

46 

35 

21 

13 

33 

129 

63 

45 

35 

21 

13 

25 


TABLE  7 


r 


I 

I 

I  RMS  PREDICTION  E.RGRj 

F  DR 

zF'imTQM  RUBIDIUM  FREQUENCY  OSCILLATOR 
T  V  F i  FRT 

."JCIFIEO  JULIAN  CAY:  4J9u3  -  4ilH 

1 


PREDICTION 

CALI3 

1ST 

RATION  l' 
7  DAYS 
2ND 

NTERVAL 

3R0 

LE  AO 

TIME 

AR  IMA 

DECREE 

DEGREE 

ClGREE 

1 

CAY 

J.4 

1.2 

J  .  3 

0.7 

2 

DAYS 

1.2 

1.3 

I  *  5 

1.9 

s 

DAYS 

S.  L 

3.  7 

vj .  3 

10. 1 

10 

DaYS 

1  5.  f 

7.3 

13.  9 

45.5 

LS 

DAYS 

34.  A 

LO.  7 

39.3 

L25.3 

20 

CAYS 

S  7  •  f 

14. 4 

63 . 3 

261.2 

25 

DAYS 

37.7 

i  r.s 

100. o 

477.9 

DC 

DAYS 

123.) 

21.4 

Lf2.4 

797.7 

CaLIJRATIC.  INTERVAL 
it  days 


4TI 

1ST 

2ND 

3RD 

4T.f 

DEGREE 

ARINA 

DEGREE 

DEjREE 

DEGREE 

DaO'-EC 

1  .0 

0.6 

2.6 

1.9 

1.2 

1.2 

3.3 

1.4 

3.3 

2.3 

2.4 

3.3 

35.2 

4.7 

5.1 

6.2 

1C. 7 

22.2 

232.  I 

12.5 

3.9 

15.0 

39.1 

115.5 

l  G  3  '3 . 4 

23.2 

12.7 

27. A 

92.3 

lo  3 . 7 

29s0.2 

37,6 

16.1 

43.8 

132.6 

J9J.C 

66  -ta  •  0 

54.4 

19.8 

32  .f 

318.1 

1  343.0 

13  Id  L  *9 

74.1 

24.1 

85.5 

504.2 

3339.1 

LS 


CAL1SRATIJN  INTERVAL 


CALIBRATION  INTERVAL 


SOICTICn 
AC  TI«E 

A  R  I  M  A 

1ST 

DEGREE 

21  DAYS 
2. NO 

C cGRES 

3R0 

CEGREE 

4  TH 

OEGREc 

ARIMA 

1ST 

DEGREE 

28  DAYS 
2ND 

CEGREE 

3RD 

DEGREE 

4TH 

OEG^EE 

l 

CAY 

1.7 

3.3 

2.7 

1  *4 

1.3 

0.5 

3.6 

2.3 

3.2 

2.o 

2 

C-YS 

l«o 

4.2 

4.2 

2.4 

2.9 

1.2 

4.3 

3.4 

4.7 

4.6 

5 

DAYS 

3.  7 

6.3 

3.2 

6.3 

13.4 

3.5 

6  .  S 

5.7 

10.6 

13.9 

10 

CAYS 

L  0.0 

i  0  •  ‘J 

17.5 

19.6 

30.5 

8.0 

10.2 

11. 1 

28.4 

47.1 

15 

DAYS 

17.3 

If. 3 

29.4 

42.9 

1  a7.6 

13.1 

13.6 

16.4 

57.7 

118.6 

EC 

O-vY  S 

27.9 

lo  •  6 

4f  .  4 

83.0 

388.4 

20.8 

17.4 

23.2 

102.0 

242.6 

25 

DAYS 

39.0 

19.9 

60.7 

13  7.5 

743.5 

29.3 

21-6 

31.2 

182.1 

445.8 

3C 

JAYS 

52.4 

23.9 

61.4 

213.3 

1309.3 

39.7 

39.7 

42.4 

250.1 

773.9 

Calibration  interval 
42  DAYS 


CALIBRATION  INTERVAL 
SB  DAYS 


PREDICTION 

1ST 

2n0 

3R0 

4TH 

1ST 

2ND 

3RD 

4Th 

LEaD 

TIME 

a  a  i  y  a 

OEGRcc 

OEGREE 

CEGREE 

DEGREE 

ARIMA 

DEGREE 

DEGREE 

DEGREE 

OEGREc 

l 

DAY 

) .  5 

5.J 

2.5 

3.1 

2.3 

C.6 

6.5 

3.8 

3.1 

3.7 

2 

CAYS 

1.0 

5.8 

3.2 

4.  1 

3.3 

l.l 

7.0 

4.8 

4.0 

5.2 

5 

CAYS 

2.7 

7.3 

5.5 

7.5 

10.6 

1.7 

9.1 

8.1 

7.2 

9.9 

1C 

Day  S 

8.6 

10.1 

10. 1 

16.1 

32.2 

3.8 

14.2 

14.4 

12.7 

21.1 

15 

UaY-G 

11.7 

14.7 

15.7 

23.3 

,  72*5 

6.6 

20.4 

20.6 

18.2 

AC. 7 

20 

OAY  3 

15.7 

19.3 

21.7 

43.9 

135.0 

9.6 

25.9 

27.2 

24.2 

74.2 

25 

DAYS 

17. f 

24.  9 

29.2 

64*2 

229.6 

io. e 

31.4 

32.3 

30.8 

12  4.4 

30 

DaYS 

24.1 

30.7 

34.1 

39.3 

353.0 

14.3 

34.4 

41.5 

42.3 

214.1 

.CTt:  the  A'S  PREDICTION  CRKC.’.S  ARE  IN  UNITS  OF  MICROSECONDS. 


NUMBER  OF  Sample  intervals 


PREDICTION 

CALI3RATI0N 

INTERVAL 

LEaO  ti.-e 

7 

14 

21 

28 

42 

56 

Day  1 

12  J 

60 

fO 

23 

20 

12 

2 

120 

6w 

40 

23 

20 

12 

3 

120 

aO 

40 

23 

2D 

12 

1  D 

119 

60 

39 

23 

20 

12 

15 

114 

53 

39 

Z  w 

15 

12 

t.  J 

111 

55 

35 

27 

l  7 

11 

25 

11  J 

53 

35 

26 

l  ) 

U 

3.1 

IDS 

52 

34 

24 

l  7 

9 

26 


I  J  «M  o  (>  S  rj  o 


TABLE  8 


<‘'3  °R£OICTION  ERROR  3 
F  JR 

HP  R'JEIDIUI  FRcOJc  .CY  OSCILLATOR  J23o 
'*00  l  F  I  £  C  JULIAN  CAY:  44050  -  44350 


Cali station  t 

NT  ER  VAL 

4  A  L 1  Zt 

RATION  I 

NTcRVAL 

PREDICTION 
LlAC  T !  *'E 

A9  IMA 

1ST 

DEGREE 

7  CAYS 
2  *0 

OEGREE 

3-*D 

DEGREE 

tT.l 

Ofc  .REE 

ARIMA 

1ST 

DfcoPEE 

14  days 
2ND 

uEGRSE 

3RD 

DEGREE 

4Tn 

DEGREE 

1 

OAY 

0.  1 

0.2 

>.  1 

0.2 

0.2 

0.1 

0.2 

C.2 

0.2 

0.1 

■» 

v 

GAYC 

9.2 

3.2 

3.2 

0.4 

0.8 

0.2 

0.3 

C.3 

0.3 

0.3 

5 

O’aYS 

J.o 

3.5 

3.7 

1.7 

7.6 

0.5 

0.6 

0.7 

1.0 

1.0 

10 

□  AYS 

1.0 

1  .  1 

2.1 

1.7 

58.5 

1.3 

l.l 

1.6 

3.3 

10.0 

15 

3  1 Y  S 

3.7 

1.7 

4.  1 

23.5 

221.5 

2.7 

1.6 

3.1 

7.7 

31.4 

20 

OAYS 

J.c 

2.3 

o.'3 

43.4 

5  78.4 

4.4 

2.0 

4.9 

14.9 

74.  3 

c 

DAYS 

7.4 

2.7 

10.3 

83.2 

1323.5 

6.4 

2.4 

7.C 

25.4 

154.5 

3C 

CAY  j 

13.3 

3.4 

14.5 

142.4 

2513.7 

8.6 

2.7 

9.4 

40. C 

283.4 

CAL  1 3 

ration  interval 

CALI 3RATI0V  INTERVAL 

PREDICTION 
LEAD  T I Mc 

-R  IMA 

1ST 

OEGREE 

21  OAYS 
2N0 

DEGREE 

3RD 

DEGREE 

4TH 

DEGREE 

AR  IMA 

1ST 

DEGREE 

28  Days 
2ND 

OEGREE 

3RD 

OEGREE 

4TH 

DEGREE 

1 

JAY 

3.1 

3.3 

0.2 

0.2 

0.2 

0.1 

0.5 

0.3 

0.2 

0.2 

2 

CAYS 

0.2 

0.4 

0.3 

0.3 

0.4 

0.2 

0.6 

0.5 

0.4 

0.4 

5 

DAYS 

3.4 

0.7 

0*6 

3.8 

1.4 

0.5 

1.0 

0.9 

0.9 

1.0 

to 

DAYS 

1.1 

1.2 

1.3 

2.3 

5.6 

1.1 

1.6 

1.7 

2.4 

3.5 

15 

Days 

2.2 

1.7 

2.4 

5.0 

15.1 

1.9 

1.9 

2.7 

5.1 

9.0 

20 

Days 

3.4 

2.1 

3.o 

9.2 

33.2 

2.8 

2.2 

3.3 

9.1 

18.5 

25 

0  AYS 

4.6 

2.5 

4.9 

15.3 

63.4 

3.8 

2.3 

5.0 

13.5 

33.3 

30 

OAYS 

6.2 

2.  3 

6.2 

23.0 

110.4 

4.8 

2.6 

6.2 

20.0 

5o.6 

calibration  interval 

CALIBRATION  interval 

42  OAYS 

56  OAYS 

PREDICTION 

1ST 

2.40 

3R0 

4TH 

1ST 

2ND 

3RD 

4TH 

LEAD 

TIME 

AF  IMA 

DEGREE 

OEGREE 

GEGRcE 

DEGREE 

A  P.JMA 

DEGREE 

OEGREE 

DECRCE 

DEGREE 

1 

DAY 

0.1 

J.  3 

0.4 

0.4 

0.1 

0.8 

0.9 

0.6 

0.4 

2 

DAYS 

3.2 

0.7 

C.o 

0.6 

0.6 

0.2 

0.9 

1.1 

0.8 

0.6 

5 

days 

0.5 

3.9 

l.l 

1.3 

1.4 

0.5 

1.2 

1  .6 

1.4 

•  .5 

10 

OAYS 

l.l 

1.3 

2.1 

2.8 

V.2 

1.1 

1.5 

2.3 

2.4 

4.3 

15 

DAYS 

1.5 

1.7 

3.  » 

5.1 

9.1 

1.8 

1.8 

3.0 

3.8 

7.6 

20 

DAYS 

2.2 

2.0 

4.1 

7.9 

16.8 

2.6 

2.2 

3.6 

5.5 

13.7 

25 

DAYS 

3.0 

2.4 

4.3 

11.6 

24.8 

3.4 

2.5 

4.1 

7.6 

22. 5 

•  30 

Days 

3.2 

3.0 

5.3 

1  4  .  1 

39.5 

4.5 

2.9 

^  •  3 

1C. 2 

34.7 

IDTS:  The  R‘S  PREDICTION  CRRCRS  ARE  I'i  UNITS  OF  MICROSECONCS. 


\UM 3ER  OF  SAMPLE  INTERVALS 


AReOtCTiC:. 

CALIBRATION 

INTERVAL 

LEaC  TIi'E 

7 

14 

21 

23 

42 

56 

OAY  l 

172 

34 

56 

40 

23 

20 

«. 

172 

89 

56 

40 

28 

20 

5 

172 

84 

56 

43 

23 

20 

ID 

172 

13 

56 

40 

23 

19 

15 

172 

79 

55 

33 

23 

l  3 

23 

171 

73 

54 

33 

27 

13 

28 

167 

77 

54 

37 

26 

13 

30 

167 

77 

54 

37 

25 

1 8 

27 


TABLE  9 


RMS  PREDICTION  C.TRORS 
FOR 

HP  <UJ3  ID  lU.'l  FREQUENCY  OSCILLATOR  «2 29 
“OOIFIED  JULIAN  DAY:  4-.120  -  44350 


CAL  13RAT I  ON  INTERVAL  CAL  1 2R  AT  ICN  INTERVAL 

7  JAYS  14  DAYS 


PREDICTION 

1ST 

2  »C 

3RD 

.Trt 

1ST 

2ND 

3RD 

4TH 

LEAD 

TIME 

AR  IMA 

CCGREE 

DEGREE 

OEGREE 

DEGREE 

AR  I  ''A 

DEGREE 

DEGREE 

DEGREE 

DEGREE 

I 

DAY 

G.l 

J.2 

0.2 

0.2 

0.3 

0.1 

0.3 

0.2 

0.2 

0.2 

2 

DAYS 

J.3 

0.3 

0  •  «♦ 

0.5 

l.l 

0.2 

C.4 

C.4 

0.4 

3.5 

5 

JAYS 

0.7 

0.1 

1.1 

2.4 

7.7 

0.6 

0.7 

o.a 

1.5 

2.4 

10 

OAYS 

2.7 

1.2 

3.1 

12.0 

73.7 

1.4 

1.1 

1.8 

5.1 

13.7 

15 

DAYS 

5.0 

l.l 

o.  1 

32.3 

279.2 

2.4 

1.3 

3.2 

12.0 

43.3 

20 

DAYS 

3.7 

2.5 

10.  1 

67.3 

751.7 

3.7 

2.5 

4.9 

23.0 

1  OS.  1 

25 

Days 

13.1 

3.3 

15.1 

126.3 

!6o3.7 

5.5 

3.4 

7.2 

39.6 

220.3 

3C 

OaYS 

li.S 

4.4 

21.2 

205.8 

3247.1 

7.5 

4.6 

9.8 

62.5 

406.1 

calibration  interval 

CALI3RATIC.N  INTERVAL 

PREDICTION 
LEAD  TIME 

arima 

1ST 

OEG REc 

21  OAYS 
2ND 

OEGREE 

3RD 

OEGREE 

4Trt 

OEGREE 

ARIMA 

1ST 

DEGREE 

28  OAYS 
ZNO 

DEGREE 

3RD 

DEGREE 

4TH 

DEGREE 

l 

DAY 

0.1 

0.4 

J  %  4 

0.3 

0.3 

0.1 

Q.6 

C.4 

0.3 

2.3 

2 

CAYS 

0.3 

0.5 

0.5 

0.4 

0.7 

0.2 

0.7 

C.5 

0.5 

C  « <s 

5 

DAYS 

0.7 

0.3 

0.9 

1.2 

2.9 

0.6 

1.0 

0.8 

1-2 

:.i 

10 

OAYS 

1.5 

1.4 

1.6 

3.7 

11.5 

1.3 

1.7 

1.5 

3.2 

7.4 

15 

OAYS 

2.5 

2.1 

2.5 

S.l 

31.1 

2.0 

2.5 

2.1 

6.2 

17.9 

20 

CAYS 

3.7 

2.7 

3.6 

15.0 

58.2 

2.6 

3.5 

2.9 

10.4 

36.4 

25 

OaYS 

5.5 

3.7 

4.9 

24.9 

130.7 

3.6 

4.6 

3.9 

16.4 

46.5 

3C 

OAYS 

7.2 

5.0 

4.5 

38.5 

225.7 

4.8 

5.8 

4.9 

24.1 

110.3 

CALIBRATION  INTERVAL 

CALIBRATION  INTERVAL 

PREDICTION 
LEAD  TIME 

ARIMA 

1ST 

DEGREE 

42  DAYS 
2ND 

OEGREE 

3R0 

DEGREE 

4TH 

DEGREE 

arima 

1ST 

OEGREE 

56  DAYS 
2ND 
DEGREE 

3RD 

DEGREE 

4Th 

DEGREE 

l 

DAY 

7.1 

7.9 

D.3 

3.4 

0.3 

0.1 

U6 

0.4 

0.4 

0.5 

T 

OAYS 

J.2 

l.l 

3.4 

3.6 

0.4 

0.2 

1.3 

0.5 

0.5 

3.6 

5 

OAYS 

0.4 

1.4 

J  .  6 

0.9 

0.8 

3.4 

2.4 

0.7 

0.3 

1.4 

IG 

OAYS 

0.7 

2.3 

<7.9 

1.7 

2.0 

0.7 

3.6 

0.9 

1.1 

2.7 

15 

DAYS 

l.l 

3.3 

1.2 

3.2 

4.3 

1.3 

4.8 

1.3 

1.8 

5.3 

20 

OAYS 

1.0 

4.4 

1.6 

4.  3 

8.2 

1.7 

6.2 

1.2 

2.5 

«.0 

25 

DAYS 

2.3 

5.7 

2.2 

7.0 

14.1 

2.1 

T.7 

1.5 

3.4 

14.3 

JC 

OAYS 

3.  1 

7.2 

2.6 

10.3 

22.7 

2.7 

9.3 

1.9 

4.6 

19. 2 

NOTE:  TriE  R.-’S  PREDICTION  ERRORS  ARE  IN  UNITS  OF  MICROSECOND 


NUMBER  OF  SAMPLE  intervals 


PREDICTION 

CALIBRATION 

INTERVAL 

cEiO  TIME 

7 

14 

21 

23 

42 

56 

JAY  I 

132 

64 

44 

32 

23 

li 

2 

132 

44 

44 

32 

2  J 

16 

5 

132 

64 

44 

32 

20 

15 

U 

132 

63 

44 

31 

23 

I  4 

15 

133 

6  1 

43 

31 

2'7 

1  4 

23 

127 

5  7 

42 

3J 

2  J 

1  4 

25 

125 

5  5 

4  1 

2  I 

23 

•  J 

37 

122 

52 

40 

2  7 

23 

15 

TABLE  10 


I 

1 


IMS  PREDICTION  c.RORS 
F  JR 

HP  CESIUM  FREGUCNCY  OSCILLATOR  3207 
ml,L  I  FI  ED  JULI+N  DAY:  44120  -  ‘.‘*310 


CALIBRATION  ImT 

erval 

CalIDR 

atio.n  interval 

7  OAYS 

14  SAYS 

PREDICTION 

1ST 

2  .0 

3R0 

4T  r! 

1ST 

2ND 

3RD 

•,Th 

LiAC 

TIME 

ARS..KA 

DEGREE 

uCvj.'  CC  0 

EGREE 

DEGREE 

AP.IMA 

DEGREE 

DEGREE 

0EGR2E 

DEGREE 

l 

04  Y 

0.C2 

0.03 

0.03 

0.C3 

0.05 

0.02 

0.04 

0.03 

0.03 

0.04 

2 

CaYS 

0.C4 

0.0“. 

0.05 

0.03 

0.17 

0.03 

0.05 

0.05 

0.05 

0.10 

5 

OAYS 

Q  •  1  5 

0.07 

0.17 

0.40 

t.49 

3.09 

0.07 

0.10 

0.13 

0.55 

10 

04  Y  S 

0.41 

0.1. 

O.46 

1.T8 

11.55 

0.23 

0.14 

0.24 

0.63 

2.26 

15 

OiY  s 

0.79 

0.20 

0.33 

4.79 

43.62 

0.40 

0.20 

0.44 

1.-.9 

3.53 

2C 

DAYS 

1.3  3 

0.27 

1 .44 

10.04 

113.03 

0.62 

0.2S 

0.69 

2.38 

19.92 

25 

OiYS 

1.95 

0.34 

2.13 

13.13 

260.05 

0.07 

0.36 

0.  94 

4.70 

33.86 

30 

0.4  YS 

2.69 

0.40 

2.37 

28.22 

4e3.22 

1.19 

0.42 

1.29 

6.95 

59.63 

CALIBRATION  INTERVAL 

CALIBRATION  interval 

21  OAYS 

28  OAYS 

RRE01CTIW. 

1ST 

2ND 

3R0 

4TH 

1ST 

2ND 

3RD 

4  TH 

LEAD 

TIKE 

arina 

DEGREE 

OtGREc 

DEGREE 

DEGREE 

AR  IMA 

DEGREE 

DEGREE 

DEGREE 

OCGREc 

1 

OAY 

0.02 

0.06 

a.cs 

0.04 

0.04 

0.02 

0. 06 

0.04 

0.94 

0.C5 

2 

OAYS 

0.04 

0.07 

0.07 

0.06 

0.08 

0.03 

0.07 

0.06 

0.06 

0.03 

5 

OAYS 

C.03 

O.lJ 

0.12 

0.16 

0.29 

0.06 

0.08 

0.  10 

0.14 

0.23 

10 

OAYS 

0.15 

0.16 

0.24 

0.42 

1.19 

0.12 

0.14 

0.20 

0.36 

0.76 

15 

0  4  Y  S 

C.23 

0.22 

C.41 

0.87 

3.22 

0.22 

0.19 

0.33 

0.71 

1.35 

26 

OAYS 

C  .44 

0.28 

0  ■  62 

1.59 

6.64 

0-36 

0.25 

0.51 

1.21 

3.77 

25 

Days 

C  .66 

0.35 

0.38 

2.61 

1 1.64 

0-49 

0.34 

O.c.9 

1.39 

t>.4A 

JO 

Days 

0.91 

0.43 

1.10 

3.97 

17.31 

0.67 

0.42 

0.38 

2.51 

10.49 

CALIBRATION  INTERVAL 

CALIBRATION  INTERVAL 

42  OAYS 

56  DAYS 

9°  EQ ICT IGM 

1ST 

2  NO 

3R0 

4TH 

1ST 

2ND 

3R0 

4  T  H 

LEaO 

TIME 

ARINA 

DEGREE 

DEGREE 

DEGREE 

OEGREE 

ARIMA 

OEGREE 

OEGREE 

DEGREE 

3EG-.EE 

1 

OAY 

O.Cl 

0.06 

0.05 

0.0  4 

0.04 

0.02 

0.14 

0.08 

0.07 

0.0  3 

-A 

«. 

Cays 

0.02 

0.07 

0.06 

0.05 

0.05 

0.02 

0.15 

0.08 

0.08 

0  .  G  6 

5 

DAYS 

0.Q7 

0.  10 

0.13 

0.10 

0.  14 

0.05 

0.19 

0.  12 

0.15 

0.12 

10 

04YS 

0 . 1 9 

0.  la 

O.lJ 

0.24 

0.42 

0.12 

0.23 

0.19 

0.33 

0.31 

15 

OAYS 

0.24 

0.24 

0.27 

0.42 

9.90 

0.16 

0.32 

0.27 

0.53 

0.62 

20 

OAYS 

0.41 

0.31 

0.33 

0.63 

1.69 

0.24 

0.41 

0.37 

0.73 

1.02 

OAYS 

0.57 

0.33 

0,51 

0.94 

2.92 

0.28 

0.48 

0.38 

0.90 

1.73 

30 

OAYS 

0.71 

0.47 

0.62 

1.30 

4.57 

0.31 

J.56 

■J  m  *♦  5 

1.36 

2.7. 

NOTE 

:  THE 

RMS  PREDICTION 

ERRORS  ARE  IN  UNITS  JF  MICROSECONDS 

• 

AP  G-CICTIC.N 

NUMBER  OF  SAMPLE  INTERVALS 

CALIBRATION  tNTERVAL 

LEAO  TI"E 

7 

14 

21 

23 

42 

56 

1 

120 

60 

40 

23 

20 

12 

2 

120 

60 

40 

23 

20 

12 

5 

120 

60 

40 

23 

23 

12 

10 

11  3 

53 

40 

20 

20 

12 

15 

117 

56 

39 

23 

20 

12 

ir  Z 

a  5 

5  5 

37 

27 

20 

11 

25 

ll  3 

52 

35 

26 

13 

10 

30 

111 

51 

33 

24 

29 

l  > 

10 

fjj^liiirii— mi  i  niiiftiiirriihirfrM 


TA8LE  11 


AMS  PREDICTION  ERRORS 
f  JR 

MP  CESIUM  FREQUENCY  JSCILLAT3R  SU14 
I'OOIFIEO  JULIAN  DAY:  44236  -  44420 


CALI3RATIJ.'.  INTERVAL  CALIBRATION  INTERVAL 

7  JAYS  14  DAYS 


PREDICTION 

1ST 

2  VC 

3<iO 

4  TH 

1ST 

2ND 

3K0 

vTh 

LEAD 

TINt 

LAIMA 

GLGREt 

DEGREE 

CEGREc 

0EGR6E 

AR I  “A 

DEGREE 

DEGREE 

JEGREE 

DEGREE 

l 

Oay 

0.01 

0.02 

0.02 

O.QZ 

0.03 

0.01 

0.02 

0.02 

0.02 

G.C2 

2 

Oay  . 

C.G3 

0.03 

O.Oi 

0.05 

0.12 

0.02 

0.03 

0.03 

0.03 

0.04 

5 

DAYS 

0.04 

o.os 

0.04 

0.27 

1.00 

0.05 

0.04 

0.05 

0.11 

0.17 

10 

DAYS 

C.26 

0.04 

0.25 

1.25 

7.31 

o.n 

0.06 

0.12 

0.41 

0.37 

IS 

GAYS 

0.53 

0.11 

0.47 

3.38 

24.61 

0.19 

0.08 

0.20 

0.94 

2  •  7e> 

20 

DAYS 

0.04 

0.15 

0.7  4 

7.15 

60.07 

0.30 

0.  10 

0.31 

1.79 

6.42 

25 

DAYS 

I.  27 

0. 1 A 

1.13 

13.03 

177.59 

0.45 

0.12 

0.46 

3.12 

12.36 

JO 

DAYS 

l.?d 

0.22 

1.65 

21.52 

342.54 

0.61 

0.14 

0.64 

4.34 

23.70 

CAL13RATI0N  INTERVAL 

CALIBRATION  INTERVAL 

21  OAYS 

28  OAYS 

PRE0 

I C  7 1 ON 

1ST 

2ND 

3RD 

4TH 

1ST 

2ND 

3RD 

4  TH 

LSaC 

TIME 

ARINA 

dlgree 

DEGREE 

DEGREE 

Ot^REE 

AR1MA 

DEGREE 

DEGREE 

DEGREE 

DEGREE 

l 

OAY 

0.C1 

0.02 

0.03 

0.03 

0.02 

0.01 

0.03 

0.02 

0.03 

0.03 

2 

Days 

0.02 

0.03 

0.04 

0.05 

0.05 

0.01 

0.03 

0.02 

0.0  4 

0.C6 

5 

DAYS 

0.04 

0. Oh 

0.07 

0.12 

0.18 

0.04 

0.04 

0.04 

0.10 

0.13 

10 

OAY  S 

G.09 

0.06 

0.13 

0.31 

0.78 

0.10 

0.05 

0.08 

J.22 

0.60 

15 

QayS 

0.15 

0.03 

0.21 

0.65 

2.19 

0.16 

0.07 

o.n 

0.42 

1.47 

20 

Oay  S 

0.22 

a.u 

0.30 

1.1T 

4.92 

0.22 

a.ia 

0.15 

0.70 

2.93 

25 

Days 

o.n 

0,12 

0.42 

1.97 

10.07 

0.31 

3.14 

0.21 

1.08 

5.40 

JO 

DAYS 

0.42 

0.15 

0.55 

3.01 

17.73 

0.39 

0.16 

0.27 

1.57 

9.00 

CALIBRATION  INTERVAL 

CALIBRATION  interval 

42  GAYS 

56  OAYS 

PREDICTION 

1ST 

2ND 

3RD 

4TH 

1ST 

2ND 

3RD 

4TH 

LEAD 

-:«£ 

ARIrtA 

CEGREc 

DEGREE 

CEGR6E 

DEGREE 

ARINA 

OEGREE 

OEGREE 

DEGREE 

OEGREE 

1 

CAY 

0.01 

O.Oi 

0.01 

0.03 

0.03 

0.01 

0.05 

0.03 

0.32 

0.03 

2 

GAYS 

0 . 02 

0.03 

0.02 

0.04 

3.04 

3.01 

0.06 

0.03 

0.03 

0.04 

, 

OAYS 

Q  *06 

0.04 

0.04 

Q.Q9 

0.10 

0.03 

0.07 

0.04 

0.04 

0.06 

10 

CAYS 

c.n 

C.07 

0.06 

0.16 

0.21 

0.07 

0.09 

0.C6 

0.08 

0.13 

15 

OAYS 

0  •  1  o 

0.06 

o.n 

0.26 

0.34 

0.10 

o.n 

0.08 

0.13 

0.24 

20 

DAYS 

0.22 

0  .  ON 

0.14 

0.38 

0.59 

0 . 14 

0.13 

0.12 

0.19 

0.41 

25 

OAYS 

0.29 

0.11 

a. 17 

0.54 

3.95 

0.13 

0.  IT 

O.IT 

0.26 

0.63 

30 

OAYS 

0  •  4  J 

0.14 

0.23 

0.73 

1.51 

0.25 

0.21 

0.23 

0.34 

0.83 

iCTE:  Tht  R^S  PREDICTION  ERRORS  ARE  IN  UNITS  OF  MICROSECONDS. 


NUMBER  OF  SAMPLE  INTERVALS 


PREDICTION 
LEAD  TT-E 

7 

14 

•  CALIBRATION 
21 

INTERVAL 

23 

42 

56 

JAY  l 

1  C  4 

52 

12 

24 

16 

12 

■9 

4. 

104 

52 

32 

24 

14 

12 

5 

104 

52 

32 

24 

16 

12 

10 

102 

52 

31 

24 

15 

12 

15 

102 

51 

30 

23 

1  4 

12 

20 

97 

44 

29 

23 

If 

n 

25 

9  > 

44 

25 

23 

14 

u 

30 

4  J 

43 

23 

21 

13 

ID 

30 


TABLE  12 


RMS  3P.S2IC.TICN  ERRORS 
F  IP 

h?  castor  frequency  oscillator  ;)875 

MODIFIED  JULIAN  DAY:  44236  -  443 U 


CAL13I 

NATION  INTERVAL 

CALI 

ORATION  I 

nterval 

PREDICTION 
LUO  TIME 

An  I  "A 

1ST 

D  c  0  R  £  2 

7  DAYS 
2'AJ 

DECREE 

3*0 

DEGREE 

4TH 

QEGRc-c 

AR  IMA 

1ST 

DEG*  3E 

14  Days 
2ND 
DEGREE 

3RD 

OESRcE 

47  rt 

DEGREc 

I 

04Y 

0.02 

0.02 

0.02 

0.02 

0.04 

0.02 

0.02 

0.02 

0.02 

0.03 

2 

DAYS 

0.03 

O.Co 

C.03 

0.03 

0.15 

3.03 

0.03 

0.03 

0.04 

0  .  C  A 

5 

DAYS 

0.00 

u.o*. 

0.08 

0.32 

1.26 

0.08 

0.04 

0.06 

0.12 

0 . 3D 

10 

DAYS 

o.2r 

0.03 

C  .22 

1.47 

7.30 

3.19 

0  .  i>8 

0.  13 

O.tl 

1.43 

L5 

DAYS 

3.55 

0.12 

0.44 

4.06 

34.  14 

0.23 

0.12 

0.23 

0.92 

4.20 

20 

DAYS 

0.05 

O.U 

0.71 

3.53 

67.67 

0.45 

0.15 

0.35 

1.77 

9.3. 

25 

DAYS 

i  .30 

0.21 

1.07 

15.53 

195.10 

0.68 

0.21 

0.51 

3.07 

20.ol 

30 

DAYS 

1.32 

0.2o 

1.52 

25.84 

377.09 

0.  93 

0.25 

G.o9 

4.37 

37.95 

CALIBRATION  INTERVAL 

CAL I3RATI0N  INTERVAL 

21  JAYS 

28  DAYS 

?°.:o 

ICT  ID'. 

1ST 

2  .0 

3RD 

4  TM 

1ST 

2. NO 

3RD 

4fH 

LEAD 

TIME 

API  V  A 

OLGREc 

DEGREE 

DEGREE 

DEGREE 

AAIMA 

DEGREE 

DEGREE 

DEGREE 

DEGREE 

l 

OAY 

0.01 

0.0-. 

0.03 

0.C2 

0.02 

C.OI 

0.04 

0.03 

0.02 

0.03 

2 

DAYS 

*j«0  3 

0.04 

0.03 

0.04 

0.06 

0.02 

0.05 

0.04 

0.04 

0.05 

« 

OAY  S 

0.07 

0.05 

Q.06 

0.11 

0.22 

0.05 

0.07 

0.06 

0.09 

0.13 

1C 

0  A  Y  S 

0.17 

0.08 

0.13 

0.30 

0.87 

0.38 

o.u 

O.U 

0.20 

C.4S 

15 

CAYS 

0.29 

O.U 

0.20 

0.60 

2.31 

0.14 

0.14 

0.  16 

0.40 

1  -  1 1 

2C 

DAYS 

0.4-3 

0.14 

0.32 

1.10 

5.16 

0.21 

0.18 

0.22 

0.69 

2. 2* 

25 

DAYS 

0 . 6  3 

0.19 

C.45 

1.33 

10.16 

0.30 

0.22 

0.30 

1.03 

4.03 

30 

DAYS 

0.92 

0.22 

U.6l 

2.75 

18.01 

0.37 

0.27 

0.38 

1.54 

6.8  4 

CAL  1 3RA  TIQN  INTERVAL 

calibration  interval 

42  OAYS 

56  DAYS 

prediction 

1ST 

2  NO 

3R0 

4TH 

1ST 

2N0 

3R0 

4TH 

LEAD 

TIME 

*R  IMA 

0EGR6E 

OEGacc  0 

cG3£c 

DEGREE 

ARIMA 

DEGREE 

DEGREE 

DEGREE 

OCG-~.EE 

l 

DAY 

O.Gl 

0.C6 

0.03 

0.02 

0.03 

0.01 

0  •  Ofe 

0.04 

0.02 

0.03 

2 

DAYS 

0.02 

0.07 

0.04 

0.04 

0.05 

0.01 

0*06 

0.05 

0.03 

0.04 

5 

DAYS 

0.Q4 

0.03 

0.06 

0.07 

J.12 

0.03 

0.C9 

0.06 

3.07 

0.C3 

10 

CAYS 

C.09 

O.U 

0.10 

0.15 

0.33 

0.06 

O.U 

0.  U 

0.13 

0.20 

15 

OAYS 

0.16 

O.U 

0.15 

0.26 

0.70 

0.10 

0.14 

0.17 

0.20 

C  .40 

20 

DAYS 

0.25 

C.  1  3 

0.21 

0.41 

1.27 

0.16 

J.17 

3.24 

0.34 

0.67 

>5 

DAYS 

0.34 

0.21 

C.30 

0.5  9 

2.09 

0.19 

0.20 

3.31 

0.53 

1  •  C  4 

30 

OAYS 

O.SD 

0.22 

C  .40 

0.86 

3.23 

0.28 

0.20 

0.37 

0.72 

1.71 

(DTE  '• 

:  TnE 

R'-'.S  PREOICTIO'i 

iRRCnS  ARE 

IN  UNITS 

OF  MICROSECONDS 

• 

NUMJER  OF  SA 

MPLS  INTERVALS 

PRcOICTICN 

CAL  I3R ATI 

ON  INTERVAL 

wE-0  TIME 

7 

14 

21 

23 

42 

56 

6 

3  3 

4-* 

28 

20 

12 

3 

2 

3  3 

4* 

28 

20 

12 

a 

5 

33 

44 

.  23 

20 

12 

8 

1  > 

JT 

4* 

28 

l  9 

12 

3 

13 

3  l 

4  Z 

23 

19 

12 

a 

20 

79 

4<? 

26 

19 

12 

7 

25 

77 

40 

24 

L  9 

12 

6 

30 

7. 

3  9 

23 

1  J 

12 

5 

31 


TABLE  13 


R**S  °P.  cOICTION  ERRORS 
FOR 

HP  CcSIJM.  FREQUENCY  OSCILLATOR  0549 
MODIFIED  JULIAN  DAY:  44120  -  44330 


CALI3.R 

ati or:  i; 

.TER  UAL 

CALIC 

RATION  : 

NTERVAL 

7  JAYS 

14  Days 

ED 

ictio.n 

1ST 

2.0 

3.0  0 

tT.i 

1ST 

END 

3P0 

4  TH 

AC 

t  ; "  ■ 

AR  I  HA 

CcuREE 

DECRE  ; 

DEGREE 

DEGREE 

A. 4  IMA 

DECREE 

DEGREE 

DEGREE 

0  -  j  K  £  E 

I 

OA  Y 

0.02 

0.02 

C.C2 

0.02 

0 • 04 

J.02 

J  .  03 

0.02 

D.  02 

0.03 

2 

CAYS 

0.04 

0.0  a 

C  .05 

0.C6 

3.15 

0.03 

0.03 

0.04 

0.04 

tj  .  0  6 

5 

0  3  Y  S 

0.12 

OiOj 

0.13 

0.32 

1.36 

0.07 

0.05 

0.  j9 

3.  It 

0.2  9 

1 0 

JAYS 

0.37 

0.  10 

0.40 

1.49 

1  3 .46 

0.16 

0.38 

0.20 

0  .  to 

1  .49 

1 5 

0\YS 

0.71 

0.15 

0.77 

4.06 

39.73 

0.30 

0.12 

0.35 

1.05 

t  .63 

20 

CAYS 

l.l? 

0.21 

1.27 

3.57 

107.37 

0 . 4a 

0.  16 

0.55 

1.  >9 

1 1  .Ct 

25 

DAYS 

1.73 

0.26 

1.89 

15.61 

233.95 

0.71 

0.13 

0.T2 

3.34 

21.21 

3C 

DAYS 

2.43 

0.2  J 

2.5  9 

24.75 

45 l .37 

0.96 

0.21 

0.39 

t.  95 

35.2a 

C  ALIDRATI0.NI  INTERVAL 
21  JAYS 


CALIBRATION  INTERVAL 
2a  CAYS 


EDICT  ION 

1ST 

2ND 

3RD 

4Tn 

1ST 

2ND 

3RD 

t  TH 

AO 

T I  v  E 

A  R  1 3  A 

DEGREE 

OCGrEc 

DEGREE 

DECREE 

ARINA 

DEGREE 

□EGR EE 

DEGREE 

DECREE 

I 

CAY 

0.02 

0.03 

0.03 

0.04 

0.03 

0.02 

0.04 

0.C3 

3.03 

0.C4 

■5 

CAYS 

0.03 

0.04 

O.Ct 

0.07 

0.07 

0.03 

0.05 

0.D4 

0.04 

0.06 

■ 

DAYS 

C.Ca 

0.05 

0. 07 

0.13 

0.23 

0.06 

0.07 

0.06 

0.09 

0.13 

10 

DAYS 

0.1  J 

0. 1  J 

0.12 

0.47 

0.96 

0. 12 

0.11 

0.09 

0.19 

0.57 

15 

DAYS 

J.23 

0.  14 

0.19 

0.93 

2.o3 

0.20 

0.13 

0.17 

0.33 

1.35 

2l 

DAYS 

0.34 

0.13 

0.23 

l  .67 

4.64 

0.29 

0.17 

0.25 

0.62 

2.50 

25 

DAYS 

C.4J 

0.22 

0.39 

2.32 

9 .06 

0.42 

0.20 

3.34 

0.93 

4.84 

3G 

C  V  Y  S 

G  .  6o 

0.25 

0.40 

3.10 

15.07 

0.52 

0.21 

0.47 

1.33 

0.49 

CALIBRATION  INTERVAL 
42  0 AYS 


CALIBRATION  INTERVAL 
56  DAYS 


COICTION 

1ST 

2  vC 

3RD 

4TM 

1ST 

2ND 

3RD 

4TH 

M  0 

TIRE 

AR  IRA 

Oi-GRSS 

Oc'GREE 

DEGREE 

DEGREE 

ARINA 

DEGREE 

DEGREE 

DEGREE 

DECREE 

l 

DAY 

C.02 

0.05 

0.04 

0.03 

0.03 

u.02 

0.08 

0.06 

0.04 

0.03 

*4 

4. 

u  A  v  S 

0.03 

0.04 

0.05 

0.05 

0.C4 

0.03 

0.03 

0.07 

0.  j5 

0.05 

5 

D  *Y  j 

0.0-4 

0.0-, 

0.03 

0.09 

3.10 

0.06 

0.08 

0.10 

0.12 

0.1 1 

lu 

Cays 

J.09 

0.0  9 

0  .  1  4 

C.20 

0.25 

0.10 

0.13 

0.15 

0.22 

0.27 

15 

Oay  $ 

0.15 

0.12 

0.22 

0.36 

0.51 

0.  lo 

0.16 

0.21 

0.38 

0.51 

if' 

—  \j 

DAYS 

0.2  1 

O.la 

0.30 

0.56 

0.96 

3.25 

0.  lo 

0.2  7 

0.61 

0.93 

y  5 

DAYS 

9.2  7 

0.  1  3 

0.  j3 

0.54 

1.51 

0.35 

0.20 

0.32 

0.90 

1.54 

:c 

CAYS 

0.32 

0.23 

0 . 4o 

1.16 

2.42 

0.43 

0.22 

0.38 

1.24 

...  29 

■  CTE:  Thb  R4S  P'.EOICTIO.  ERRORS  ARE  Ir.  UNITS  OF  MICROSECONCS, 


NUMBER  OF  SAMPLE  INTERVALS 


PREDICTION 

CALIBRATION 

INTERVAL 

LE\C  TIME 

7 

14 

21 

23 

42 

5o 

CAY  1 

120 

6C 

40 

23 

2  3 

12 

2 

120 

60 

40 

23 

20 

12 

5 

120 

60 

40 

23 

20 

12 

10 

119 

5  3 

40 

23 

20 

12 

15 

117 

56 

37 

23 

£  J 

12 

20 

115 

53 

37 

27 

Z  w 

11 

25 

113 

52 

35 

26 

19 

10 

30 

111 

51 

33 

24 

19 

10 

32 


TABLE  14 


RMS  PREDICTION  EaRORS 
FOR 

4P  CESIUM  FR.;OU£‘»CV  OSCILLATOR  :;1264 
MCD1FIE3  JULIAN  DAY:  4-.120  -  4t350 


calibration  r 

iTiRVAL 

calibration  in 

TE.RVAL 

APED  ] 
LEAD 

:cr  ION 
TI'-E 

AR  IV A 

1ST 

DCG.’.Ec 

7  OAYS 

2..C 

G  ^  G ■  2  £ 

3RD 

DEGREE 

•.TH 

DECREE 

A  <  I  'A 

1ST 

JEGREE 

14  OAYS 
2ND 

DEGREE 

3RD 

3EGREE 

4  T  H 

DEGREE 

l 

CAY 

0.02 

0.02 

0.C2 

0.03 

3.05 

3.02 

3.32 

3.02 

0.32 

0.03 

-» 

4. 

DAYS 

0.04 

0.32 

0.04 

0.07 

0.  16 

3.04 

0.03 

0.33 

0.34 

0.07 

5 

JAYS 

0  •  1 1 

0.35 

0. 1 1 

0.35 

1.37 

0.39 

3.35 

0.06 

U  .  1 2 

3.33 

10 

DAYS 

0.31 

0  .  OR 

0.2  < 

t  .63 

10.68 

0.21 

0.0  7 

0.  13 

0.42 

1.5  3 

15 

0  -A  Y  S 

0.60 

0.13 

0.56 

4  •  44 

39.23 

0.4C 

3.39 

C  .  23 

J.99 

4.73 

20 

DAYS 

G.95 

C.LT 

0.33 

3.33 

105.59 

3.65 

0.12 

0.36 

1.94 

11.33 

1 1 

DaYS 

1.42 

0.21 

1.31 

16.72 

224.65 

3.92 

3.  15 

0.52 

3.25 

23.37 

30 

DAYS 

2.00 

0.25 

1.35 

27.79 

431.36 

1.29 

3.13 

0.73 

5.25 

43.25 

CAHS 

RATION  INTERVAL 

CALIBRATION' INTERVAL 

PRED 

LcAO 

ICTICN 

time 

ARIMA 

1ST 

DEGREE 

21  DAYS 
2  NO 

DECREE 

3R0 

OeGREE 

4Trt 

DEGREE 

ARIMA 

1ST 

OEGREE 

23  OAYS 
2N0 

OEGREE 

3RD 

OEGREE 

4  TH 

OEGREE 

1 

CAY 

0.C1 

0.C3 

0.03 

0.02 

0 . 02 

3.02 

0.03 

0.03 

0.03 

0.03 

2 

OAYS 

0.02 

0.C4 

0.0-* 

0.04 

0.04 

0.03 

0.04 

0.04 

0.04 

0.C5 

5 

OAYS 

0.05 

0.03 

0.07 

0.10 

0.15 

0.05 

0.05 

0.06 

0.09 

0.15 

1C 

OAYS 

3.1  i 

0.09 

0.13 

0.30 

O.oC 

0.10 

0.08 

0.11 

0.21 

0.52 

15 

OAYS 

3  •  2  J 

0.12 

0.21 

0.65 

1 . 6  1 

0.17 

0.11 

0.  17 

0.39 

1.23 

20 

OAYS 

0.33 

0.1** 

C.  32 

1.21 

3.51 

0.23 

0.13 

0.23 

0.69 

2.66 

25 

DAYS 

0.51 

0.17 

L  .  44 

2.02 

6.69 

0.34 

3.16 

0.31 

1.07 

4.93 

JO 

OAYS 

0.69 

0.21 

0.53 

3.11 

11.69 

3.45 

0.20 

0.39 

1.56 

3.24 

C AL I 3A  A T I  ON  interval 

CALIBRATION  INTERVAL 

42  DAYS 

56  OAYS 

PREDICTION 

1ST 

2  -0 

3RD 

4TH 

1ST 

2ND 

3RD 

4TH 

LEAD 

TIMC 

AF  I  Mft 

DEGREE 

DEGREE 

OECREE 

OEGREE 

A?.  IMA 

OEGREE 

OEGREE 

DECREE 

DEGREE 

l 

Day 

G.C2 

0.03 

0.C3 

0.03 

0.03 

0.02 

3.C5 

0.03 

0.04 

0.03 

•> 

DAYS 

0.0  3 

0.03 

0.04 

0.04 

3.04 

0.02 

0.36 

0.04 

0.05 

0.05 

5 

GAYS 

0 .05 

0.05 

0.05 

0.07 

0.03 

0.05 

0.08 

0.05 

0.08 

0.11 

10 

OAYS 

0.09 

0.03 

0.09 

0.13 

0.19 

0.08 

0.11 

0.09 

0.16 

0.24 

15 

OAYS 

0.14 

0.13 

O.lt 

0.22 

0.39 

0.12 

0.14 

0.  11 

0.26 

0.43 

20 

OAYS 

3.2  3 

0.13 

0.15 

0.35 

0.75 

0.17 

0.  16 

0.14 

0.39 

0.33 

25 

DAYS 

0.23 

0.15 

3.22 

0-5t 

1.29 

0.22 

0.19 

0.19 

0.54 

1.26 

30 

Days 

3.3  5 

0.13 

0.2? 

0.76 

2.04 

3.26 

3.23 

0.25 

0.69 

1.90 

«CTf.  T.iE  R."S  PREDICTION  -RkCRS  ARE  IN  UNITS  OF  MICR3SECCN0S. 


MU.MocR  OF  SAMPLE  INTERVALS 


PREDICTION 
LCAO  TINS 

7 

14 

CAuIBR aT ION 
21 

INTERVAL 

29 

42 

56 

3  A  Y  I 

132 

6-t 

32 

23 

16 

2 

132 

to-* 

44 

32 

20 

16 

5 

132 

64 

44 

32 

2  ) 

16 

10 

132 

63 

44 

31 

20 

16 

15 

l  30 

6  1 

43 

31 

23 

1 6 

23 

129 

5  J 

42 

3  3 

23 

16 

2  5 

126 

55 

.1 

29 

23 

16 

30 

122 

tz 

.0 

2  9 

20 

15 

33 


TABLE  15 

RMS  PREDICTION  ERRORS 
FOR 

FIS  CESIUM  FRS3UENCY  OSCILLATOR  “OOEL  4050  ;;  107 
w 5  D  i  F I  E  J  JULIAN  CAY:  44297  -  44429 


C  AL  I  3RA  T I  ON  I! 

NTERVAL 

CALI 

-RATION 

INTERVAL 

prediction 
l£AO  TIME 

iixlM 

1ST 

OtuREc 

7  DAYS 
2ND 

DEC  :CE 

3RD 

OEOREE 

4T  rl 
ufc SR  E  c 

ARINA 

1ST 

DECREE 

14  DAY 
2ND 

DECREE 

S 

3R0 

DECREE 

4  TH 

DEGREE 

1 

DAY 

O.Cl 

0 . 0  L 

C.G1 

0.01 

J.D3 

0.C1 

0.01 

0.01 

0.31 

0.C1 

•s 

L. 

DAYS 

c  •  oz 

0.C1 

0.02 

0.03 

J.OS 

0.01 

0.02 

0.22 

0.02 

0.C3 

5 

DAYS 

0  «(i  3 

0.02 

0.05 

0.17 

0.69 

0.03 

0.02 

0  .  j4 

0.07 

0.14 

1C 

DAYS 

0.17 

0.05 

0.15 

0.76 

5.19 

o.oa 

0.04 

0.07 

0.25 

0.77 

1  5 

DAYS 

0.32 

0.07 

C*  23 

2.10 

19.10 

0.15 

0.07 

0.14 

3.57 

2.42 

20 

CAYS 

0.5  0 

0. 10 

0.44 

4.47 

50.91 

0.24 

0.1C 

0.23 

1.08 

5.60 

25 

DAYS 

C  .  7  5 

0. 1  J 

0.65 

3.18 

112.69 

0.36 

0.13 

0.33 

1.77 

1 1.49 

30 

0  A  Y  S 

L  .  04 

0.17 

C.91 

13.45 

219.39 

0.50 

0.17 

0.46 

2.79 

20.57 

CALIER 

A T I ON  INTERVAL 

CALIBRATION  I.NTERVmL 

PR  EC 
L  EaO 

ICT  IC.*. 

T  I  VE 

ARINA 

1ST 

CEG-.es 

21  Jays 
2N0 

OEOREE 

3R0 

DEGREE 

4TH 

OECREE 

A  A  IMA 

1ST 

DECREE 

28  DAYS 
2ND 

DEGREE 

3RD 

DEGREE 

4  T  H 
DEGR E  E 

1 

DAY 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

C.  02 

0.01 

0.01 

i. 

DAYS 

0.01 

0.02 

0.02 

0.02 

0.03 

-S.01 

0.03 

0.D2 

0.01 

0.02 

5 

DAYS 

0 .  C  3 

0.02 

0.03 

0.05 

0.10 

3.02 

0.04 

0.04 

0.04 

0.06 

10 

days 

0.08 

0.04 

0.05 

0.15 

0.43 

0.06 

0.06 

0.07 

0.11 

0.13 

15 

DAYS 

0.11 

0.05 

0.09 

0.32 

1.17 

0.12 

0.09 

0.12 

0.22 

0.45 

20 

GAYS 

0.13 

0.07 

0.14 

0.60 

2-60 

3.20 

0.13 

0.17 

0.39 

0.91 

25 

DAYS 

0.26 

0.13 

0.20 

0.96 

4 . 96 

0.29 

0.16 

0.23 

0.63 

l  .64 

3C 

DAYS 

0  •  3  J 

0.13 

0.29 

1.51 

9.06 

0.-.0 

0.20 

0.29 

0.96 

2.76 

i 

r 


i 


CAL  II 

BRAT  I ON  INTERVAL 

CALI 3RAT ION  INTERVAL 

PREDICTION 
LEAD  TIME 

48  IMA 

1ST 

DEGREE 

42  DAYS 
2ND 

06GR6  c 

380 

DEGREE 

4TH 

DEGREE 

AR  I  MA 

1ST 

DEGREE 

56  DAYS 
2ND 

DEGREE 

3RD 

DECREE 

4  TH 

DECREE 

1 

DAY 

0.01 

0.04 

O.Cl 

0.01 

0.02 

0.01 

0.06 

0.03 

0.02 

G.02 

2 

CAYS 

0.01 

0.04 

0.02 

0.02 

0.03 

0.01 

0.16 

0.04 

0.02 

0.02 

5 

DAYS 

0.02 

C.06 

0.03 

0.04 

0.06 

0.02 

0.08 

0.05 

0.04 

10 

DAYS 

0.05 

0.C3 

0.L'5 

O.OS 

•0.15 

0.04 

0.10 

0.08 

0.G9 

0. 1 1 

15 

CAYS 

0.09 

C.  12 

0.03 

0.14 

0.33 

0.07 

3.12 

0.12 

0.22 

20 

DAYS 

0.13 

0.1'. 

0.12 

0.24 

7.62 

0.1 1 

0.14 

0.  16 

0.23 

j  .  j  i 

25 

DAYS 

0.23 

0.17 

0.15 

0.37 

1.07 

0.17 

0.15 

0.21 

0.33 

2.40 

30 

OAYS 

0.20 

0.20 

0.19 

0.5  4 

1.69 

0.23 

0.  IT 

0«  C6 

0.^6 

O.oT 

.CTE:  THE  RMS  PREDICTION  ERRORS  ARE  IN  UNITS  OF  MICROSECONDS. 


NUMBER  OF  SAMPLE  INTERVALS 


PREDICTION 

CAL  I 3R AT  10  1 

INTERVAL 

LEAO  T  I  "E 

7 

14 

21 

23 

4  2 

5o 

DAY  l 

7  9 

36 

24 

I  6 

12 

3 

2 

76 

3o 

24 

18 

12 

3 

5 

76 

3  6 

24 

16 

12 

3 

10 

7. 

35 

24 

19 

12 

3 

15 

70 

34 

22 

15 

13 

8 

2D 

6  . 

SO 

21 

15 

10 

7 

2  5 

6  2 

23 

21 

1  5 

9 

8 

30 

61 

27 

19 

1  4 

3 

6 

34 


MMriiteJltitiiliMi 


i] 


TABLE  16 


rms  prediction  errors 

FOR 

FTS  CESIUM  FREQUENCY  OSCILLATOR  MODEL  4050  8103 
.'■JuIFIED  JUL  I  AN  CAY:  44305  -  44439 


Cal:. 

^RATION  I 

.tergal 

CAL  I  OR 

ATICf.  INTERVAL 

P^dC  X C T  IC‘. 
LiAu  T I Me 

ar  a 

1ST 

DEGREE 

7  Cays 
2.0 

OiCREc 

3RD 

OSGREE 

4Trt 

DECREE 

ARI'Ia 

1ST 

DECREE 

14  CAYS 
2ND 

DECREE 

3RD 

DEGREE 

4Th 

DECREE 

i 

OAY 

-J.CZ 

0.03 

0.02 

0.03 

3.0b 

0.01 

0.04 

0.04 

0.33 

0.03 

2 

OaYS 

■•v  •  04 

0.04 

0  .  O4 

0.03 

0.20 

0.03 

0.06 

0.05 

0.05 

0.07 

5 

DAYS 

C.14 

c.oa 

0.14 

0.37 

1.72 

0.08 

0.10 

C.ll 

0.21 

0.3  0 

10 

DAYS 

C  .42 

0.1? 

0.42 

1.75 

1  3.1b 

0.21 

0.  19 

0.28 

0.71 

1 .3  7 

15 

CAYS 

0.03 

0.20 

u.oO 

4.3b 

50.69 

0.40 

0.25 

0.56 

I.08 

5.67 

20 

DTYS 

1.41 

0 . 3  S 

1.33 

10.0b 

136.04 

0.59 

0.23 

0.39 

3.44 

13.84 

25 

3  VYS 

2.14 

0.35 

1 . 9o 

13.23 

300.40 

0.92 

0.23 

1.24 

5.  78 

23.34 

30 

CTYS 

2.9a 

0.33 

2.  o9 

30.  lb 

504. J5 

0.95 

0.23 

1.12 

3.45 

52.31 

CALI 

BRAT  ION  INTERVAL 

CALI3RATI0N  INTERVAL 

PREDICTION 
LEAD  TIMC 

as  :na 

1ST 

CEGREE 

21  OAYS 
2ND 

DECREE 

3RD 

CEGkcc 

4TH 

DECREE 

ARINA 

1ST 

DECREE 

28  DAYS 
2ND 

DECREE 

3RD 

DECREE 

4TH 

DcGRcE 

i 

CAY 

0.02 

0.05 

0.05 

0.03 

0.34 

0.02 

0.08 

0.09 

0.04 

0.04 

2 

CAYS 

0.03 

0.07 

C.C7 

0.04 

0.08 

0.03 

0.10 

0.12 

0.07 

Q.C3 

c 

CAYS 

0.07 

0.12 

0. 13 

0.14 

0.32 

0.08 

0.16 

0.21 

0.19 

0.25 

1C 

0-.YS 

0.21 

C.22 

0.26 

0.42 

1.23 

0.23 

0.23 

0.43 

0.55 

0.80 

15 

OaYS 

0.33 

0.13 

0.32 

1.30 

3.33 

0.37 

0.21 

0.41 

1.09 

1.74 

2C 

CAYS 

G  .  60 

0.20 

G.46 

1.91 

7.14 

0.54 

0.20 

0.56 

1.35 

3.33 

25 

days 

C  •  8  7 

0.19 

C.S9 

3.18 

13.44 

0.47 

0.22 

0.61 

1.75 

5.64 

30 

OAYS 

1  .05 

0.24 

0.74 

2.94 

18.57 

0.53 

0.21 

0.65 

2.54 

7.35 

calibration  interval 

CALIBRATION  INTERVAL 

42  OAYS 

56  DAYS 

PREDICTION 

1ST 

2  iO 

3RD 

4>TH 

1ST 

2ND 

3R0 

4TH 

LEAD 

TIKE 

4  R  IMA 

DEGREE 

DEGREE 

DEGREE 

DEGREE 

AR  I  yA 

DEGREE 

DEGREE 

DEGREE 

OEGREc 

1 

OAY 

O.Cl 

C.OT 

0.07 

0.06 

0.03 

0.03 

0.09 

0.08 

0.09 

3.06 

2 

CAY  C 

0.03 

0.07 

c.oa 

o.ca 

0.06 

0.03 

0.10 

0.09 

0.10 

0.C7 

5 

□  A  Y  C 

0.07 

0.08 

0.14 

0.16 

0.18 

0.0? 

0.15 

C.  12 

0.17 

0.18 

10 

DAYS 

0.13 

0.15 

0.29 

0.33 

0.54 

0.16 

0.21 

0.  15 

0.32 

0.46 

15 

OAYS 

0.23 

U.li 

0.22 

0.57 

1.03 

0.25 

0.28 

0.  16 

0.47 

0.91 

20 

DAYS 

0.35 

0.2  3 

0.25 

0.86 

1 . 7G 

0.32 

0.32 

0. 14 

0.59 

1.54 

25 

DAYS 

0.38 

0.2? 

0.23 

1.17 

3.17 

0.39 

3.36 

0.21 

0.72 

2.39 

3C 

C'YS 

0.41 

0.32 

0.30 

1.54 

5.00 

0.28 

0.44 

0.31 

0.97 

3.63 

iCTE :  THE  RMS  PP.EOICTICN  ERRORS  ARE  IN  UNITS  OF  MICROSECONDS. 


NUM 

8ER  OF  SAMPL 

E  INTERVALS 

PREDICTION 

CALIBRATION 

interval 

LEAD  TIME 

7 

14 

21 

28 

42 

5o 

Day  l 

65 

32 

20 

1a 

3 

3 

» 

63 

32 

20 

16 

3 

3 

5 

o3 

32 

20 

1  a 

3 

S 

10 

63 

32 

20 

1 0 

) 

2 

15 

64 

32 

18 

12 

7 

8 

2  0 

62 

30 

13 

12 

7 

3 

23 

5  0 

27 

12 

.  10 

T 

C 

30 

57 

25 

16 

J 

7 

7 

35 


TABLE  17 


Vi  PREDICTION  SIR3R3 
F  jS 

OSCILLGCJARTZ  CESIUM  FaEJUlNCY  OSCILLATOR  S63 
NCCIFIE3  JjLIAN  DAY:  <.-.130  -  4>350 


CALI  3RAT I 0"!  INTERVAL 


p»co; 

ICTlor, 

1ST 

7  JAYS 
2-.J 

3RD 

LEaC 

T  i ;  ■  E 

a;vI;*a 

DLGREa 

CtGKEe 

DEGREE 

1 

DAY 

0.02 

0.02 

0.02 

0.02 

2 

DAYS 

J.0  3 

0.03 

0 .04 

0.06 

c 

O'.YS 

0.10 

0.05 

0.11 

0.33 

10 

OAYS 

0.23 

0.0° 

C  .30 

1.50 

15 

JAYS 

0.5* 

0.1  . 

0.53 

4.06 

20 

DAYS 

0.39 

•0.20 

0.-35 

6.54 

25 

CAYS 

I  .33 

0.23 

1.42 

15.62 

3C 

OAYS 

1.33 

0.32 

1.93 

24.91 

CALIBRATION  INTERVAL 

PREDtCTir.t: 

1ST 

21  OAYS 
2  40 

3R0 

>.c~D 

TIME 

aRIm* 

CEG-1E  E 

DEGREE 

DEGREE 

1 

0  AY 

0.01 

0.03 

0.02 

0.02 

2 

CAYS 

0.02 

0.04 

0.04 

0.03 

5 

DAYS 

0.06 

C.C6 

0.07 

0.08 

10 

OAYS 

0.13 

0.13 

0.13 

0.23 

15 

CAYS 

0.23 

0.15 

0.22 

0.4a 

20 

CAYS 

0.37 

0.22 

0.3a 

0.83 

25 

d^ys 

C.52 

0.23 

C.49 

1.45 

3C 

cays 

0.70 

0.34 

0.64 

2.17 

calibration  interval 
14  days 


4Tr1 

1ST 

2ND 

3RD 

DEGREE 

ARINA 

DEGREE 

Ot OP  EE 

DEGREE 

0  .  G  4 

0.01 

0.03 

0.32 

0.03 

0.12 

C.G3 

3.04 

0.04 

0.05 

1.11 

0.07 

0.06 

3.07 

0.  14 

1.71 

0.17 

0.10 

0.15 

0.47 

33.10 

0.31 

3.15 

C.26 

1.36 

90.05 

3.50 

0.2C 

C.Al 

2.11 

200.91 

0.75 

0.25 

0.59 

3.36 

362.05 

1.05 

0.30 

0.77 

5.11 

calibration  interval 


4TH 

1ST 

23  CAYS 
2ND 

3RD 

DEGREE 

A.’.I.MA 

DEGREE 

DEGREE 

DEGREE 

0.02 

0.02 

0.03 

0.03 

0.02 

0.04 

0.03 

0.04 

0.34 

0.04 

0.15 

0.05 

0.06 

0.07 

0.07 

0.59 

0.12 

O.U 

0.15 

0.17 

1.53 

0.20 

3.16 

0.25 

0.33 

3.31 

0.30 

0.22 

0.34 

0.59 

S.09 

0.41 

0.26 

C.*5 

0.  96 

10.51 

0.53 

0.30 

0.66 

1 .  a4 

CALIBRATION  INTERVAL 

CALIBRATION  INTERVAL 

PREDICTION 
LEAD  T I ME 

A  R  IMA 

1ST 

OLG.REc 

42  JAYS 
2N0 

DEGREE 

3R0 

DEGREE 

4T4 

DEGREE 

AR  IMA 

1ST 

DEGREE 

56  DAYS 
2ND 
OEuRcE 

3RD 

DEGREE 

l 

DAY 

0.02 

0.C4 

0.04 

0.03 

0.33 

0.01 

0.07 

0.05 

0.04 

2 

OAYS 

0.02 

0.05 

0.06 

0.04 

0.05 

3.02 

0.07 

0.06 

0.05 

5 

OAYS 

0.04 

0.07 

0.09 

0.07 

0.10 

0.04 

0.09 

0.08 

0.09 

1C 

OAYS 

0.09 

0.03 

0.16 

0.15 

0.27 

0.08 

0.12 

0.14 

0.19 

15 

OAYS 

0.16 

0.12 

0.26 

0.25 

0.58 

0.13 

0.16 

0.20 

0.33 

20 

D-.YS 

0.23 

0.15 

0.33 

0.36 

1.11 

0.20 

0.20 

0.25 

0.50 

25 

DAYS 

0.32 

0 .23 

C.41 

0.54 

1.91 

0.27 

0.26 

3.31 

0.70 

30 

OAYS 

0  •«*  3 

0.23 

0.S2 

0.76 

3.05 

0.38 

0.28 

0.36 

0.97 

note:  THE  R 'is  PREDICTION  ERRORS  ARE  IN  UNITS  OF  MICROSECONDS. 


NUMBER  OF  SAMPL 

E  INTERVALS 

PecOICTlGN 

calibration 

INTERVAL 

LEaO  tine 

T 

14 

21 

23 

42 

56 

DAY  1 

132 

6  ► 

•*4 

32 

20 

16 

•> 

132 

64 

.4 

32 

20 

16 

5 

132 

64 

44 

32 

20 

16 

10 

132 

63 

44 

31 

20 

1  o 

15 

130 

61 

43 

31 

20 

16 

20 

12  9 

5  J 

42 

3  3 

23 

L  6 

25 

12a 

55 

4  1 

29 

is 

1  o 

3  3 

122 

52 

*0 

2  9 

20 

15 

ATM 

CCD.  FC 
C«33 

0  •  *j  o 
0.21 
1.55 

4.34 
L  I  •  6  3 
23.91 
-►0.60 


aTH 

DlG~.EE 
0.03 
0.05 
0.15 
C.a3 
1.15 
2.37 
A. 27 
7.13 


4TH 
DEGREE 
0.C3 
0.05 
J.U 
0.23 
0.55 
0.98 
1 .60 
Z.3A 


36 


TABLE  18 


RMS  PR  EC  1C  T 1 0%  ERRORS 
FOR 

hyorogen  naser  a io 

MODIFIED  JUL I AN  CAY:  43970  -  44023 


C.L  l ERATI3N  IS TSRVAL 
7  OAYS 


?A  cC 

ICTI3N 

1ST 

CSC 

3RD 

LEAD 

TIME 

AilYA 

OEC  <E  = 

DEG  .Ee 

DEGREE 

l 

DAY 

3.01 

3.32 

D.C2 

0.02 

•N 

C 

DAYS 

0.03 

Q  .  3  j 

3.03 

0.05 

5 

OAYS 

0.33 

3  «  C  a 

0.09 

0.25 

1C 

CAYS 

0.23 

0.  IS 

0.25 

1.17 

15 

CAYS 

3.33 

0.29 

C  •  45 

3.05 

2C 

OAYS 

0.57 

0 . 4*. 

0.64 

6.49 

25 

OAYS 

3.91 

3 .6o 

0.92 

12.24 

30 

days 

1.2J 

0.93 

1.27 

13.29 

CALIBRATION  INTERVAL 
21  DAYS 


Pr.ECICriCt' 

1ST 

2ND 

3RD 

LEAD 

TIME 

ARI«A 

DEGREE 

DfcORcc 

DEGREE 

1 

Oay 

3.31 

0.0) 

0.02 

0.02 

2 

DAYS 

3.02 

0.  13 

0.03 

0.0  4 

5 

OAYS 

0.04 

0.17 

0.05 

0.07 

10 

days 

0.10 

0.3a 

0.07 

0.16 

15 

DAYS 

0.19 

0.52 

0.09 

0.35 

20 

OAYS 

0.12 

0.74 

0.19 

0.76 

25 

Days 

0.03 

1.05 

0.25 

1.33 

30 

OAYS 

0.13 

1.30 

0.33 

2.03 

CALIBRATION  INTERVAL 
14  CAYS 


4TH 

1ST 

2ND 

3RD 

DEGREE 

ARI.'IA 

DEGREE 

OEGREE 

DEGREE 

0.03 

3.01 

0.03 

3.01 

3.32 

3.11 

3.01 

D.05 

0.32 

3. 03 

3.97 

3.05 

3.11 

0.04 

0.07 

7.34 

3.11 

3.21 

0.37 

3.25 

23.70 

3.22 

3.38 

0.10 

3.54 

79.26 

3.28 

J.  60 

0.10 

3.64 

173.46 

3.39 

3.84 

3.  IS 

1.39 

365.65 

0.75 

1.14 

3.17 

2.34 

CALIBRATION  INTERVAL 
28  OAYS 


4TH 

1ST 

2ND 

3RD 

DECREE 

ARIMA 

DECREE 

OEGREE 

DECREE 

3.02 

3.01 

0.12 

0.02 

0.32 

0.03 

3.33 

0.15 

0.33 

0.33 

0.13 

0.37 

0.23 

0.05 

0.35 

3.56 

0.12 

0.42 

0.07 

0.11 

1.27 

0.18 

0.64 

0.07 

3.20 

2.52 

0.19 

0.90 

3.06 

0.24 

S.29 

3.17 

1.21 

3.13 

3.63 

9.09 

— 

— 

— 

— 

4TH 

DEGREE 
3.02 
3  «  C  a 
C.36 
1.84 
5.74 
11.13 
22.57 
41.95 


4TH 

DEGREE 

0.02 

0.04 

0.13 

0.38 

0.95 

1.53 

1.19 


NOTES  THE  RMS  PRE3ICT ION  ERRORS  ARE  IN  UNITS  OF  MICROSECONDS. 


UJM8ER  OF  SAMPLE  INTERVALS 


PRECICTICN 

CALI  8R AT  ION 

INTERVAL 

LEAC  TIME 

7 

14 

21 

23 

JAY  1 

32 

Id 

3 

3 

2 

32 

16 

8 

3 

5 

32 

16 

3 

3 

13 

31 

16 

a 

3 

15 

27 

16 

6 

6 

23 

25 

13 

4 

3 

25 

23 

12 

3 

l 

33 

l) 

4 

3 

.... 

.1 
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TABLE  19 


PREDICTION 
LSaC  TIME 

1  DAY 

2  DAYS 
5  OAYS 

10  LAYS 
15  DAYS 
2D  D-YS 
25  CaYS 
JC  DAYS 


7 

DAY  6 

2  .0 

3RD 

AKl^A 

degree 

degree 

.313 

.020 

.024 

.035 

.04  5 

.072 

.  125 

.135 

.391 

.373 

.391 

1.782 

.T-tO 

.772 

*..304 

1.10J 

1.146 

9.735 

1 .  o7  D 

1.723 

17.645 

2.373 

2.444 

29.J75 

9MS  PREDICTION 
FDR 

OUaRTZ.UTI! 
:'nCIrl63  j'OLIaN  Day: 


aTH 
OEG AES 
.033 
.137 
1.231 
1.564 
36.326 
90.021 
217.230 


51RDRS 

U 

43730  - 


**40*»0 


AU‘4A 
0.015 
0.C34 
0  .035 

0.244 

0.474 

0.731 

1.149 

1.60C 


-AU3RAT13.\  INTERVAL 
14  DAYS 

3RD  4T.1 

DEGREE  DEGREE 
0.036  0.C36 

0.069  0.C94 

0.215  0.433 

0.709  2.657 

1.462  7.249 

2.792  15.330 

4.740  32.244 

7.451  59.191 


2ND 

degree 

0.032 

0.055 

0.134 

0.32C 

0.596 

0.892 

1.234 

1.769 


rsciction 

£A0  TIME 

1  0  AY 

2  CAYS 
5  DAYS 

1C  OAYS 
If  DAYS 
20  DAYS 
25  OAYS 
30  OAYS 


ie 

20 


AH  IMA 

.  J13 
.033 
.09  2 
.25? 
.47  7 
.721 
1.032 
1.403 


PREDICTION 

LcAO  time 

1  DAY 

2  CAYS 
5  CAYS 

10  DAYS 
15  CAYS 
20  OAYS 
CAYS 
DAYS 


CALIBRATION  INTERVAL 
21  JAYS 

3RD  9TH 

decree  oegree 

•033  *033 

.057  .069 

.129  .233 

.395  .909 

.333  2.442 

1.530  5.259 

2.546  13.141 

3.917  17.657 


2*!0 

DECT.  EE 

•  D42 

•  D63 
.120 
.317 
.55J 
.353 

1.200 

1.602 


A  R  IMA 
.013 
•  j3  * 
.094 
.169 
.317 
.503 
.735 
1.013 


CALI 3R ATX  DN  INTERVAL 
42  DAYS 

3R0  9TH 

degree  degree 

.087  .044 

.123  .067 

.241  *170 

.*.71  .ATS 

.720  1.163 

1,025  2.289 

1 . 1 5  4  4.142 

1.979  6.059 


2  NO 

OEGREE 
.036 
.114 
.213 
.393 
•  a26 
.346 
1.142 
1.465 


ARINA 

0.012 

0.029 

0.078 

0.197 

0.399 

0.646 

0.941 

1.234 


28 

DAYS 

4T9 

2ND 

3RD 

degree 

degree 

degree 

0.053 

0.041 

0.029 

0.078 

0.065 

0.053 

Q.  161 

0.161 

0.175 

0.334 

0.422 

0.617 

0. 560 

0.737 

1.689 

0.848 

1.356 

3.558 

1.112 

2.114 

6.662 

1.583 

3.109 

11.395 

CALI3RATI0N  INTERVAL 
56  DAYS 


ARINA 

0.016 

0.035 

0.C93 

0.239 

0.416 

0.633 

0.872 

1.223 


sort: 


T-E  R'S  PREDICTION  ERRORS  ARE  IN  UNITS 


OF  SECONDS. 


PREDICTION 
LE-C  TI  •£ 


iiUt'DER  OF  SAMPLE  INTERVALS 
CALI3RATI0N  INTERVAL 


DAY 


-> 

10 

15 

z: 

23 

30 


160 

133 

;ao 
160 
17  3 
177 
175 
173 


38 
3  3 
>3 
03 
IS 
89 
84 
13 


21 

SO 

60 

30 

60 

SO 

59 

57 

55 


29 

44 

4** 

44 

43 

4V 

41 

41 

41 


42 

23 
23 
23 
23 
2  S 
26 
29 
23 


2ND 

DEGREE 
132 
159 
2  44 
439 
.648 
0 .907 
1.191 
1.541 


3RD 
OEGREE 


.085 

.107 

,188 

,356 

.577 

.378 

.230 

.715 


4Tri 
degree 
0.066 
0.130 
0.22* 
0.62  3 
1.306 
2.301 
3.T21 
5.838 


56 

20 

20 

20 

20 

20 

20 

20 

17 
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Appendix  A. 1 


DISCIPLINED  TIME  FREQUENCY  OSCILLATOR* 

TECHNICAL  SPECEFECATIONS 


OUTPUT  SIGNALS 


FREQUENCIES 

Sine  Wave: 
Square  Wave: 
Pulse: 

LEVELS: 

Sine  Wave: 
Square  Wave: 
Pulse: 

1  PPS: 


1  MPPS 


5  MHz,  1  MHz 
100  kHz 
1  PPS,  1MPPS 


l.OVrms  ±20%  into  50  ohms 
TTL  compatible,  50%  duty  cycle 

+4.7  V  ±  10%  into  50  ohm, 

20  usee.  wide.  Rise  time  less 
than  10ns.  Jitter  less  than  lOOps 
(unsynchronized) 

0.2  usee,  wide,  negative  going, 
TTL  compatible 


STABILITY  (5  MHz): 
AVERAGING  TIME: 

100  usee. 

1  msec. 

10  msec. 

100  msec. 

1  sec. 

10  sec. 

100  sec. 


3  PP10* 

4  PP10" 

5  PP10" 

6  PP10‘* 
2  PP10'* 

2  PP10'1 

3  PP10'* 


24  Hours:  3-5  PP10" 

Under  shock 

(MIL-E-16400)  2  PP10* 

Temperature 

(0°  to  +50'C)  2  PP10'» 

Orientation  Af/f  *5  PP10,#  max 

at  ±45* 


ISOLATION:  All  outputs  short  circuit  proof. 

1  PP  10"  freq  change  no  load  to  full  load. 


SPECTRAL  PURITY: 


Harmonics:  <—40  dB 
Spurious:  5  MHz,  1  MHz<— HOdB 

Single  Sideband 


Noise 


Frequency 
from  Carrier 


Noise  (dB/Hz). 
Referenced  to 
Carrier 

MHz  1  MHz 


10  Hz  -130  -135 

100  Hz  -140  -140 

1  kHz  -160  .  -145 

10  kHz  -165  -150 


WARM-UP  CHARACTERISTIC  (at  +22*C) 

To  lock  <1  hour 

To  5  PP10"/day  <11  days 


OSCILLATOR  ADJUSTMENT 

Coarse  Adj.  Range:  1  PP  107 

Fine  Adj.  Range:  Digital  Indicator  0  to  999 

in  PP10" 


*Excerpt  from  Reference  7 


PHASE  LOCK  FUNCTIONS 


INPUT  FREQUENCIES: 


5  MHz 

1-10V  PP 

1  MHz 

1-4V  PP 

INPUT  IMPEDANCE: 

>1000  ohms 

RESOLUTION  (With  Memory): 
PHASE  LOCK  LOOP  FILTER: 

±  2.5  PP101* 

Time  Constant : 

100  sec.  or  1  sec., 
switch  selectable. 

Control  Range : 

±  1  PP10* 

UNLOCK  DETECTOR: 

Responds  to  loss 
of  input  signal  level, 
phase  detector 
slippage,  or  loss  of 
internal  reference 

LOCK  ACQUISITION: 

Manual  control. 

1  PPS  GENERATOR 

SYNCHRONIZATION  INPUT: 

a)  1  PPS.  1-10V  PP 
width  >5  usee. 

b)  1  PPS  +1  MHz 
(Algebraically 
added)  equal 
amplitudes  of 
1-3V  PP.  pulse 
width  >5  usee. 

c)  Sync  Pulse 
Rise  Time:  0.1 
usee,  maximum 


Synchronization 

Delay:  0.5  usee,  min.,  0.25  usee.  max. 

Synchronization 

Mode:  a)  Continuous  (Syncs  to  every 

input  pulse) 

b)  Intermittent  (Syncs  to  first 
oulse  after  switch  is 
thrown) 


POWER  REQUIREMENTS: 

AC:  115  Vac  ±  10%,  50-400  Hz. 

single  phase  (15  watts  nominal) 

28  watts  max. 

External  DC:  +22  to  +30  Vdc  (12  watts  nominal) 

26  watts  max.  (cold  start) 

Internal  Battery  7  hours  at  +22*C  (automatic  recharge) 
Capacity: 
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OPTIONS: 


CIRCUIT  CHECK  FUNCTIONS 

TEST  METER/SWITCH  Front  Panel  Switch; 

12  Positions 
5  MHz  output 
1  MHz  output 
100  kHz  output 
Memory  Voltage 
5  MHz  or  1  MHz 
Reference  Input 
Battery  Charge/Discharge 
Current 

Battery  Voltage 
+10  VDC 
DC  Input 

Outer  Oven  Monitor 
Regulator  Voltage 
Inner  Oven  Monitor 


1)  Phase  lock  input  for  1/N  MHz  rate,  all  integral 
submultiples  of  1  MHz  from  500  kHz  down  to  1  Hz. 

2)  Other  operating  temperature  ranges  (— 54°C  to 
4-65'C,  — 40“C  to  -l-SS'C,  +15'C  to  +35'C,  Navy 
classes  1,  2,  4  respectively). 

3)  10  minutes  warmup  to  lock. 

4)  DTF  Module  FE  150A  may  be  ordered  separately  for 
OEM  users  (See  outline  drawing  for  installation  de¬ 
tails). 

5)  DTF  without  1  PPS  Generator  and  Frequency  Con¬ 
trol  is  a  low  noise  high  stability  standard. 

6)  Additional  Battery  Pack  for  extended  battery  operat¬ 
ing  periods  up  to  24  hours. 

7)  MIL-E-5400  environmental  specification. 

8)  AC  failure  remote  alarm  relay. 

9)  Permanent  non-volatile  memory  for  restoration  of 
DTF  accuracy  after  complete  power  failure. 

10)  Other  output  frequencies  available. 

11)  External  Memory  "Hold”  Control. 

12)  100  MHz  Output  Module 


CONNECTORS 

Front  and  Rear:  5  MHz,  1  MHz,  100  kHz, 

1  PPS (BNC) 

Front  Only:  1  PPS  sync  input  (BNC) 

5  MHz  lock  input  (BNC) 

Rear  Only:  1  MHz  +1  PPS  sync  and  lock 

Input.  1  MPPS  output,  (BNC) 
EXT.  DC  input. 

(MS  3102E-10SL-3P) 


ENVIRONMENTAL 

95%  RH 
Oto  15000  ft. 


0*C  to  4-50’C  (Navy  Class  3) 

Per  MIL-E-16400 
(Notec  to  MIL-E-5400 
optional) 

Meets  MIL-STD-461. 
MIL-STD-462. 


Carrying  handle  integral 
to  case. 

12'  long  x  5Vz"  wide  x 
7%"  high 
23  pounds 


Humidity: 

Altitude: 

Operating 

Temperature  Range: 
Shock  &  Vibration: 

EMI 

MECHANICAL 

Portable: 

Housing  Dimensions: 
Weight  w/Batteries: 


APPLICATIONS: 

1)  Quartz  Crystal  Frequency  and  Time  Standard  for  lab¬ 
oratory,  factory,  ground  and  satellite  communications, 
air  collision  avoidance  or  navigation  systems. 

2)  Tracking  Filter  —  Narrowband  tracking  filter  (1  Hz  or 
0.01  Hz  bandwidth). 

3)  Time  clean-up  filter.  Synchronized  at  user’s  option,  50 
pico-sec.  jitter  when  unsynced. 

4)  Portable  Time/Frequency  Transfer.  Sync  the  DTF  to  an 
Atomic  Standard  and  transport  to  site  for  transfer  or 
comparison  of  time-frequency. 

5)  Local  or  remote  slave  clean-up  oscillator  for  cesium 
beam  standard  provides  better  short  term  stability 
characteristic  and  spectral  purity. 

6)  Low  noise  carrier  generator  for  exciting  transmitters. 

7)  Low-noise  reference  for  signal  measurements. 

8)  Redundant  clock  with  cesium  standard,  two  DTF’s 
plus  cesium  replaces  three  cesium  standards  and 
comparators. 

9)  Terminus  of  TV  time  link  where  information  is  inter¬ 
mittent. 

10)  Terminus  of  microwave  link  where  information  is  in¬ 
termittent. 

11)  Observation  of  unfiltered  phase  detector  output  en¬ 
ables  measurement  of  jitter,  spurious,  etc.  on  other 
equipment. 

12)  Portable  accurate  time  transfer  for  line  delay  meas¬ 
urements. 


Appendix  A. 2 
OSCILLOQUARTZ* 

3.0  Performance.  Equipment  performances  established  by  this  specification 
are  minimum  requirements,  and  any  variations  must  only  be  in  the  direction  of 
improved  performance.  The  contractor  is  held  responsible  for  meeting  these 
performance  requirements  unless  specific  exception  has  been  obtained  in  writing 
from  the  Contracting  Officer. 

3. 1  Output  Signals. 

Sine  Wave 


Pulse 


1  MHz  and  5  MHz  at  1.0  V  ±20% 
into  50  ohms  s 

1  PPS  at  5V  PP  ±20%  into  50  ohms 


3.2  Frequency  Stability. 
Averaging  Time 

10  msec 
100  msec 
1  sec 
100  sec 


-5  MHz  Signal  (Under  free-running 
and  memory  conditions) 

Af 

~r 


5  in  10 

6  in  10 

2  in  10 

3  in  10 


11 

12 

12 

12 


Frequency  Drift.  After  a  warm-up  period  of  10  days,  the  accumulated 
frequency  drift  shall  not  exceed  the  following  rates: 


24  hours 
10  days 


1  in  10 
7  in  10 


10 

10 


Environmental  Effects.  The  frequency  errors  caused  by  the  following 
effects  shall  not  exceed  the  following: 


Temperature  (0°  to  50°C)  ±5  in  10 


10 


Supply  Voltage 

(115  VAC  ±10%) 

Load  Variation 

(50  ohms  ±10%) 

Orientation  (±45°) 


±3  in  10 


11 


±5  in  10 
±5  in  10 


11 

10 


*£xcerpt  from  Solicitation  No.  N68171-76-R-0144,  13  April  1976. 
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3.3  Spectral  Purity. 

(a)  Harmonics  5  MHz  -  At  least  40  dB  below  output 

1  MHz  -  At  least  30  dB  below  output 

(b)  Non-Harmonic,  Subhar-  5  MHz  -  At  least  110  dB  below  output  for 

monies,  &  Spurious  frequency  offset  greater  than 

1000  Hz  from  carrier. 


(c)  Single  Sideband  Noise  (dB/Hz) 

Frequency  Offset  from  Carrier  (Hz)  5  MHz  T  MHz 


0.1 

-71 

-76 

1 

-101 

-106 

10 

-130 

-135 

100 

-140 

-140 

1000 

-160 

-145 

3.4  Frequency  Adjustment. 

Coarse  Adjustment  Range  1  in  1 07 

Q 

Fine  Adjustment  Range  1  in  10 

Resolution  2  in  10^ 

3.5  Phase  Lock  Function.  The  capability  of  being  phase-locked  to  the  following 
input  reference  frequencies  shall  be  provided. 

5  MHz  1  to  10V  PP 

1  MHz  1  to  4V  PP 


Input  Impedance 


50  ohms 


Loop  Filter 

Control  Range 
Resolution  (with  memory) 


Time  constant  selectable  1,  10,  and  100 
seconds 


1  in  10' 


8 


1  in  10 


11 


Unlock  Indicator  Activated  by  loss  of  input  signal,  phase 

detector  slippage,  or  loss  of  reference 
signal 


Loop  Control  Voltage  Indicator  To  allow  course  adjustment  of  oscillator 

frequency 
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3.6  Digital  Memory.  Capable  of  maintaining  the  oscillator  at  its  last  phase- 
locked  frequency  for  a  period  of  at  least  10  days  after  reference  signal  is 
lost.  During  the  period  of  no  reference  signal,  the  frequency  stability  and 
spectral  purity  shall  be  as  specified  in  Paragraphs  3.2  and  3.3  respectively. 
Reacquisition  of  phase  lock  shall  be  automatic  after  the  reference  signal  is 
restored  and  shall  be  accomplished  at  a  correction  rate  no  greater  than  the 
oscillator  loop  time  constant. 


3. 7  Synchronous  Counter. 

Output 

Synchronization  Input 
Synchronization  Mode 

Synchronization  Delay 

3.8  Clock. 

Time  Counter 
Display 

Synchronization 

Time  Setting 
Time  Comparator 
Display 

Reference  Input 
Resolution 

3.9  Power. 

Primary  Power 
Standby  Battery  Supply 


1  PPS  at  5 V  PP 

1  PPS  at  1  to  10V  into  50  ohms 

Continuous  (syncs  to  every  pulse), 
intermittent  (to  first  pulse) 

The  internal  1  PPS  shall  be  capable  of 
being  shifted  in  steps  of  0.1  psec  maximum 
over  a  range  of  10  psec  minimum. 


Hours,  minutes,  and  seconds 

Internal  1  PPS  operates  clock  and 
can  be  synchronized  to  external 
1  PPS  reference 

Push-button  for  rapid  time  setting 

Digital  display  of  measured  At 

1  PPS,  1  to  10V  PP  into  50  ohms 
0. 1  psec 

115  VAC  ±10%,  50  to  400  Hz  ±5% 

2  hours  at  +22°C  (including  clock) 
Floating  input 


Automatic  recharge 
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3.10  Environmental  Conditions. 


3.10.1  Equipment  Operating.  The  equipments  shall  meet  the  performance  of 
this  specification  while  subjected  to  any  of  the  following  conditions  or  combina 
tions  thereof: 


Operation 
Temperature  Range 
Humidity 
Altitude 


Continuous  (24  hours  per  day) 

0  to  50°C 

5%  to  95%  RH  over  temperature  range 
0  to  10,000  feet  above  sea  level- 


3.10.2  Equipment  Non-Operating.  The  equipments  -  as  packaged  for  storage, 
during  transit,  and  in  any  non-operating  configuration  -  shall  be  constructed  to 
comply  with  the  operational  requirements  of  this  specification  after  subjection 
to  any  of  the  following  non-operating  conditions: 


Temperature 
Altitude 
Salt  Atmosphere 
Shock  &  Vibration 


-32°C  to  +40°C 

0  to  40,000  feet  above  sea  level 

As  encountered  in  coastal  service 

As  encountered  in  military  transportation 
via  rail,  truck,  or  fixed-wing  aircraft 


!■ 


A.  2-4 


u 


Appendix  B 
BIBLIOGRAPHY 


Primary  References 

1.  Barnes,  J.A.  "Models  for  the  Interpretation  of  Frequency  Stability 
Measurements. 11  NBS  Technical  Note  683,  1976. 

2.  Percival,  D.B.  "Prediction  Error  Analysis  of  Atomic  Frequency  Stand¬ 
ards."  Proc.  31st  Annual  Symp.  Frequency  Control,  pp.  319-326. 

3.  Winkler,  G.M.R.  "A  Brief  Review  of  Frequency  Stability  Measures." 
Proc.  8th  PTTI  Conference,  pp.  489-527. 

4.  Percival,  D.B.  "The  U.S.  Naval  Observatory  Clock  Time  Scales."  IEEE 
Trans.  I&M  vol.  IM-27,  pp.  376-385. 

5.  Oppenheim,  A.V.  and  R.W.  Schafer.  Digital  Signal  Processing. 
Prentice-Hall,  1975. 

6.  Putkovich,  Kenneth.  "Automated  Timekeeping. "  IEEE  Trans.  I&M  Vol . 
21,  pp.  400-405. 


Other  References 

7.  The  Frequency  Electronics  Information  Center,  Frequency  Electronics, 
Inc. 

8.  Solicitation  No.  N68  171-76- R- 0144,  13  April  1976. 

9.  Box,  George  E.P.  and  Gwilym  M.  Jenkins.  Time  Series  Analysis: 
Forecasting  and  Control.  Holden-Day,  1970. 

10.  Ostle,  Bernard.  Statistics  in  Research.  Iowa  State  College  Press, 
1954. 

11.  Cooley,  William  W.  and  Paul  R.  Lohnes.  Multivariate  Procedures  for  the 
Behavioral  Sciences.  John  Wiley  &  Sons,  1962. 


